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VOYAGER TASK D
Volume II
PREFACE

This volume describes the design of the Voyager Spacecraft System, the Operational Support
Equipment requirements, and the Mission Dependent Equipment requirements resulting from
the system update study.

The mission concept for Voyager has not changed substantially since the previous Phase B,
Task B study in late 1965, The Saturn V Launch Vehicle is used to inject two identical plane-
tary vehicles on a Mars trajectory. Each planetary vehicle consists of a flight spacecraft
and a flight capsule and, after separation from the Saturn V, the two vehicles provide com-
plete mission redundancy. The flight spacecraft serves as a bus to deliver the flight capsule
into Mars orbit from which it subsequently descends and soft lands to carry out surface ex-
periments., The flight spacecraft then carries out an orbiting science mission for periods
ranging from six months for early missions to two years for subsequent missions.

The flight spacecraft developed in this system update is shown in the illustration on the page
opposite, This design is described in detail in this volume which is organized in the following
major sections:

Section Subject Identification No,
1 Guidelines and Study Approach VOY-D-100
I System Functional Description and Analysis VOY-D-200
I Subsystem Functional Description and Analysis VOY-D-300
v Design Standards VOY-D-400
\Y% Operational Support Equipment VOY-D-500
VI Mission Dependent Equipment VOY-D-600

Section I describes the study approach and discusses major constraints and guidelines that
were imposed, with emphasis on requirements or guidelines which have changed since the
last Voyager System design study.

Section II is a system level description of the resulting spacecraft design and its interfaces
with other systems. Major system analyses and trade studies, such as trajectory and orbit
selection, are covered.

Section III describes the baseline design of each subsystem, with discussion of alternates that
were considered in arriving at the selected design.

Section IV covers some limited areas of design standards to be applied to the Voyager space-
craft.

Section V is an analysis of Operational Support Equipment (OSE) requirements and an evalua-
tion of a number of OSE concepts with selection of a preferred approach.

Section VI analyzes the space flight operation together with the current and planned capabili-
ties of the deep space network to define probable requirements for mission dependent hard-
ware and software to support the mission.

vii/viii
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SE CTION III
VOY-D-300

VOY-D-310
TELECOMMUNICATION SUBSYSTEM

1. SCOPE

This document gives a summary description of the selected 1973 Voyager flight spacecraft
telecommunication system comprising the radio, command, telemetry, data storage and
data automation subsystems. The requirements placed on the subsystems, the operation
during a typical mission, and the performance parameters are given. Graphs of the tele-

metry, tracking, and command, and ranging performance are included.

2. TELECOMMUNICATION REQUIREMENTS

The spacecraft telecommunication system must perform the following general functions:

a. Telemeter spacecraft and capsule engineering data throughout the mission.
Telemeter data from science instruments during the orbital phase. Provide a
relay antenna, and transmit capsule engineering and science data that was stored
during capsule de-orbit and entry phases up through capsule impact.

b. Receive commands from the stations of the DSIF, decode the commands and
provide switch enclosures or quantitative data to the spacecraft and capsule
subsystems.

c. Provide for range rate, range and angular tracking of the spacecraft by the DSIF
stations.

d. Control and sequence the science instruments and format science data.

All radio functions are to be compatible with the NASA Deep Space Net as defined in the
JPL document: EPD-283 (Revision 2), "Planned Capabilities of the DSN for Voyager 1973,
1 January 1967."

The above general requirements are expanded by mission phase to delineate the require-

ments imposed on the system by the mission operations in the following section.
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2.1. LAUNCH PHASE

Two phases of the launch phase are considered: pre-launch and launch through injection.

a. Pre-launch - In the 45 to 60 days before launch, all operational modes must be
checked out. The telecommunications subsystems will be checked by use of the
umbilical and by radio link.

b. Launch Through Injection - From launch to separation of each spacecraft from the
booster, radio communications must be accomplished through parasitic antennas
on the shroud. The DSIF stationsNo. 71 at KSC and No. 72 at Ascension may view
the spacecraft during ascent to parking orbit. Depending on the length of the
parking orbit (< 90 minutes) communications with the other stations of the DSN
may be possible for brief periods. Communications are required for the trans-
mission of engineering data from the spacecraft and capsule. Command for back-
up to on-board commands, and range rate and range tracking are also required.
Telemetry data will also be relayed via the launch vehicle. The transmitted tele-
metry spectrum will be compatible with DSN automatic acquisition.

2. 2. ACQUISITION PHASE

Depending on the duration of the parking orbit, the spacecraft may be in view of Johannes-
burg, Woomera or possibly the Goldstone station during injection and acquisition of celestial
attitude references. During the acquisition period, and subsequently during cruise in the

heliocentric transfer trajectory, the spacecraft will come into view of all the DSIF stations.

Telemetry, command and tracking requirements are the same as during launch. The high-

gain antenna is used to verify Canopus acquisition.

2.3. INTERPLANETARY CRUISE (BEFORE FIRST MANEUVER)

The spacecraft will be fully stabilized. Coverage by the DSIF stations will be continuous.
The command subsystem must accept quantitative commands that specify the turns and

velocity magnitude that the spacecraft must accomplish for trajectory corrections.
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2.4. INTERPLANETARY TRAJECTORY CORRECTION

The first trajectory correction occurs 2 to 10 days after launch. It is assumed that the
spacecraft may assume any attitude during the maneuver. During the turns to and from the
stabilized motor burn attitude, continuous communication is not required. After achieving
the motor burn attitude, telemetry is required to verify that the correct attitude has been
achieved. Command is required so that the burn may be inhibited if the proper attitude was
not reached. Storage of engineering data is required while the spacecraft is not in the
normal cruise attitude. Tracking is not required. Later trajectory corrections have the

same requirements.

2.5, INTERPLANETARY CRUISE

After a maneuver, the stored data will be dumped at a high rate. All other requirements

are the same as the first cruise phase.

2.6. MARS ORBIT INSERTION

The requirements are the same as for earlier maneuvers.

2.17. ORBITAL OPERATIONS

During the first periapsis pass after orbit insertion, high rate planet scan data is stored.
After a recorder is full or the data automation system indicates no more data to be stored,
transmission of the stored data may begin. In addition to the planet scan science data,
spacecraft engineering data and science instrument housekeeping data shall be transmitted

in real time. During capsule checkout and capsule separation, capsule data shall be trans-
mitted at a rate of 100 bps. Provision shall be made for handling up to six quantitative
commands for the capsule as well as updating capability for up to ten computer and sequencer
commands for the capsule, After capsule separation the capsule relay data will

be received via a 400=-mc antenna provided. The relay antenna shall provide coverage

such that the antenna gain in db will exceed the factor G, given by:

G (db) = -5 + 20 log10 (range to capsule in thousands of km)

3
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After capsule impact, the data stored in the relay subsystem recorder shall be

transmitted to the DSIF stations,

2.8, MARS ORBIT TRIM

During orbit trim maneuvers, communication requirements are the same as in earlier

maneuvers.

3. FUNCTIONAL DESCRIPTION

3.1 DESCRIPTION OF BASELINE DESIGN

The Voyager telecommunication system is composed of the following five subsystems:

a. Radio subsystem

b. Telemetry subsystem
c. Data Storage subsystem
d. Command subsystem

e. Data Automation subsystem

A simplified block diagram of the telecommunication system is given in Figure 1. The
system configuration is basically that given in the Task B final report. Included in the

changes that have been incorporated are:
a. The data automation subsystem has been included in the telecommunication
subsystem.
b. The diameter of the high-gain antenna has been increased from 7.5 to 9. 5 feet.

c. The fixed primary low-gain antenna has been removed and another antenna, capable
of providing communications during late maneuvers, has been added.
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d. Error control coding has been incorporated in the high data rate channel.
e. The number of tape recorders has been reduced from six to four.

f.  The 15 bps command detector has been replaced by another 0.5 bps detector.

Detailed descriptions of the updated subsystems are given in sections VOY-D-311 through

VOY-D-315. Following are summary descriptions.

3.1.1. Radio Subsystem

The radio subsystem, Figure 2, is capable of transmitting at either 6 or 50 watts, at S-band.
The 6-watt power amplifier is employed during launch and acquisition; the 50-watt power
amplifiers are used throughout the remainder of the mission. The power amplifiers are
driven by the exciter section of the transponders, in which the telemetry data and ranging
signal phase modulate the carrier. The receiver section of each transponder demodulates
the command or ranging signals transmitted by the DSIF stations, and provides the coherent
carrier reference for the exciters for range rate tracking. The command subcarrier signal
is processed in the command subsystem; the turn-around ranging signal is filtered and
limited in the transponder. Four S-band antennas are located as shown in Figure 3. During
launch, the stowed broad-coverage antenna is rf-coupled to the launch vehicle shroud
antenna. After separation, the broad-coverage antenna is deployed and is used for early
cruise communications, This antenna is located on the spacecraft=X axis, Its pattern is
toroidal with the null along the X axis, Although the earth passes near this null during the
very early portion of the cruise phase of the 1973 mission, very little antenna gain is

required during this period and communications are readily maintained.

The 9. 5-foot high-gain parabolic reflector antenna may also be used in the early cruise
phases after the spacecraft is fully stabilized. It is stowed during launch and is deployed
after injection. It is steered by commands from the computer and sequencer subsystem so

that it can point to Earth throughout the cruise and orbit phases of the mission.
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During maneuvers, it is not planned to swing the high-gain antenna around, but the capability
Is provided so that the high~gain antenna can be used as a back-up means of verifying the
maneuver attitude, or to provide the best possibility of obtaining tracking data during motor
burn, if this should be required. Maneuver communication is provided by a slot-excited
parallel-plate antenna mounted near the +X axis as shown in Figure 3. This antenna produces
a fan-shaped beam which gives nearly 180 degrees coverage between the spacecraft + Z and
- Z axes (thrust axis) in the X - Z plane. During a maneuver, the spacecraft is rolled about
the Z-axis until the earth is within the pattern. The fourth S-band antenna is a fixed medium-
gain antenna of the Mariner-C type which produces a beam of elliptical cross section. This
antenna is provided as a back-up to the high-gain antenna, and will support a science data

rate of 1,266 bps for at least 75 days after encounter.
A 400-mc antenna is provided for the relay subsystem. This antenna, mounted as shown in
Figure 3, views the capsule during descent through capsule impact while the spacecraft is in

its normal attitude.

3.1.2. Telemetry Subsystem

The telemetry subsystem has five basic modes of operation (as given in Table 1) in which
engineering, capsule, and science data are collected and processed for storage or trans-
mission. During normal cruise and orbital operations, all non-stored data is transmitted
at 150 bps on a 432. 0 khz subcarrier, while all recorded data is simultaneously transmitted
at 40, 500; 20, 250; or 10,125 bps. During maneuvers and emergencies, engineering data is
transmitted at 7.5 bps. Stored science and engineering data are transmitted at 1, 265 5/8
bps and 37. 5 bps respectively during the orbit science back-up mode in case of loss of the

high-gain antenna system.

A functional block diagram of the telemetry subsystem is given in Figure 4. Analog
engineering data is multiplexed and conditioned, if required, by the commutator. The

multiplexed analog data is encoded into seven bit words by the ADC. The encoded analog
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Table 1.

VOY-D-310

Data Transmission Modes

Mode

Title

Description

Maneuver

Cruise

Orbit

Earth Occulation

Cruise Recorder
Readout

Capsule Checkout

Transmitted - Maneuver engineering data,
including attitude verification channels,
transmitted at 7.5 bps.

Stored - Maneuver engineering, motor
burn, and capsule engineering data collected
at 150 bps.

Transmitted - Cruise engineering data
transmitted at 150 bps.

Transmitted - Stored data from TV, scanner,
and spectrometers transmitted at 40, 5;
20.25; 10.125 kbps.

Engineering data transmitted at 150 bps.
Backup rates of 1,265/37.5 bps are used
with medium-gain antenna.

Stored - TV, scanner, and spectrometer
data.

As above but all data stored. Science
playback is inhibited.

Transmitted - Stored maneuver data
transmitted at 10, 125 bps.

Cruise engineering data transmitted at
150 bps.

Transmitted - Stored data from TV, scanner,
and spectrometers is transmitted at 40. 5;
20.25; 10.125 kbps.

Engineering data (50 bps) and Capsule
checkout data (100 bps) transmitted at
150 bps.
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data is time-multiplexed with digital engineering data and presented to the data selector.
The data selector time~-multiplexes the spacecraft engineering data with the digital capsule

data,

The format programmer has the basic function of selecting the data source, and determining
the number of words to be clocked out of the data source. The two format programmers
provide functional redundancy, in addition to 2 means for effectively running two commuta-
tors at the same time. This feature is required during maneuvers in which one format

must be stored and a different one transmitted.

The redundant 32,6 error control block coders encode the stored data during orbital opera-

tions and during readout of stored maneuver data.

The subcarrier modulator receives two inputs: (1) the time-multiplexed real time data
stream consisting of engineering and capsule data, and (2) the stored data input consisting
of recorded TV data, scanner data, spectrometer data, or recorded maneuver data. Each
of the two inputs is placed on a subcarrier. The two channels are linearly summed, as in
the case of orbit operations, or only the real time data channel is transmitted, as in the

case of normal cruise operations.

3.1.3. Data Storage Subsystem

The data storage subsystem as shown in Figure 5 provides for the storage of digital data
from the science and telemetry subsystems. It is composed of four magnetic tape recorders
and their associated control and power supply electronics. Two recorders, each having a
capacity of 1.2 x 109 bits, provide storage for the video data, and the remaining two, each

having a capacity of 3.6 x 107 bits, provide storage for the non-video and maneuver data.
For normal orbital operations one video recorder records frame multiplexed data from the
two medium resolution TV cameras. The second video recorder records high resolution

TV data. Both recorders are interchangeable and carry extra tape in order to store an

11
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Figure 5. Data Storage Subsystem

orbits worth of data apiece for a transmission rate of 40,500 bps. A third recorder stores
the multiplexed non-video data, while the fourth is used for maneuver data. These two

recorders are interchangeable, also.

3.1.4, Command Subsystem

The command subsystem, Figure 6, performs the functions of detecting and passing execute
pulses or digital information streams to various spacecraft users as addressed from the
ground via the radio subsystem. It is basically a modification and extension of the Mariner
B and C command systems. Command data may be relayed to the spacecraft through any
one of the three channels shown on the block diagram at a rate of one-half data bit per

second. Each data bit is divided into two sub-bits of opposite polarity.

12
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Figure 6. Command Subsystem

The command subcarrier is demodulated in the Detector, and the command data signal is
matched-filter detected on a sub-bit basis. The Manchester coded data bits are checked
for errors in the program control unit, which recognizes the word synchronization pattern
and generates the required timing signals for discrete and quantitative commands. The
decoder access unit selects the decoder configuration to be used by decoding the first two
bits of each command. The outputs of the two decoders are in series, and normally both
decoders operate to produce a command. In the event of failure of one decoder, it may be
bypassed by the decoder access unit. The command decoders provide dc isolated switch
closures for each discrete command output. The quantitative command data bits are
transferred to the addressed subsystem through isolated switches also. The command
subsystem has the capability for up to 246 discrete or quantitative commands, which
exceeds the requirements defined in the "Flight Sequence', VOY-D-230, by over ten per-

cent, thus allowing for growth.

13
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3.1.5. Data Automation Subsystem

The data automation subsystem, Figure 7, provides the electrical interface between the

science instruments and the remainder of the spacecraft. The DAS performs two functions:

a. Provides all control and sequencing signals required by the science instruments
and the planet scan platform.

b. Converts the science instrument outputs into formats suitable for storage in the
data storage subsystem.

The parameters used to define the sequencing of each instrument are stored and can be
changed by quantitative commands. The command distributor receives the commands from
the command subsystem and distributes them to the appropriate sequence parameter storage

in the sequencer.

The signal conditioner matches voltage and impedance levels, commutates the instrument
output when there are two channels and converts the analog output to a digital signal. The
format generator combines the data, synchronization information and identification data in

a format suitable for storage and subsequent transmission to the ground station.

For the baseline science instrument payload, the sequencer is required to handle approx-
imately 80 programmable sequencer parameters. For example, the normal TV sequencing
mode requires three parameters: (1) time to obtain first image, (2) time between images,

and (3) total number of images.

Three of the non-TV instruments have dual channel outputs, hence need commutation. Each
instrument output will be converted from analog to digital by standardized A/D convertors.
Each instrument output will be put into separate formats and subsequently stored in the data
storage subsystem on individual recorders. The one exception occurs when the two medium
resolution TV units are shuttered alternately. In this case, their formatted outputs are
stored on a single recorder. That is, a frame from camera 1 is stored followed by a frame

from camera 2. This sequence is repeated up to a maximum of 42 frames.

14
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3.2, OPERATION

In the following section, the operations of the telecommunication subsystems are described.

Table 2 summarizes the operations by mission phase.

3.2.1. Launch Operations

During the portions of the launch phase in which the two spacecraft are mated to the booster,
the communication systems on the booster will relay the spacecraft telemetry data signal
and will provide the primary means of obtaining tracking data. Radio links with the two

spacecraft provide the following capabilities:

a. Back-up direct telemetry data
b. Emergency command capability

c. Acquisition by the DSIF stations of the spacecraft signal prior to separation.

The radio links during launch are through parasitic antennas on the shroud which are rf-
coupled to the stowed broad coverage antenna on each spacecraft. Because of the limitations
of rf power and dc voltage which must be observed in order to prevent breakdown as the
vehicle passes through the altitudes of critical pressure, a 6-watt solid state transmitter is

employed. This transmitter is diplexed with a receiver to the antenna.

The data collection and transmission requirements during launch are for spacecraft and
capsule engineering data. There is no data storage requirement. Spacecraft and capsule
engineering data is transmitted throughout the mission (except during maneuvers) at a rate
of 150 bps on a 432 kc subcarrier. The same data rate and subcarrier were chosen for use
in launch. Not only does this provide a capability which satisfies the launch telemetry
requirements without adding an additional data rate, sampling format or subcarrier modu-
lator, but it provides a free spectral band of greater than 800 kc about the carrier, so that
a DSIF automatic acquisition sweep of ¥150 kc can be readily accommodated without the

possibility of false lock on a sideband.

16
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Table 2, Operation by Mission Phase (Sheet 1 of 4)

Data Data
Phase Time | DSIF Station Tracking Command Collection Transmission
Pre-Launch | 45-60 | DSIF 71 Checkout | Checkout of Checkout of Transmission at
of ranging| all operational | telemetry S/S all rates and
modes and Data Storage| modes
S/S collection
modes at all
rates
Launch & 45 min | DSIF 71, Doppler Command TLM S/S in Transmission at
Injection Ascension tracking | capability at Mode 2 (Cruise [150 bps, 6 watts,
1/2 bps Mode). Space- [through stowed
through pri- craft, engineer- |broad coverage
mary low gain | ing and capsule |antenna to shroud
via parasitic data is collected |antenna. Teleme-
antenna on for transmission {try data also
shroud relayed to the
launch vehicle
Acquisition 1 hr. | Johannesburg,| Doppler Command Same as above. |Transmission at
45 min | Woomera tracking | through either | Engineering 150 bps, 6 watts.
Goldstone low gain data includes through broad
antenna by roll rate and coverage antenna.
transmitter roll position At completion of
frequency information acquisition,
selection transmission at
50 W through high-
gain antenna (used
for Canopus
verification)
Initial Johannesburg, | Doppler Command Same as above. |Transmission at
Inter- Woomera, tracking |capability at 150 bps, 50 watts,
planetary Madrid and rang- | 1/2 bps. The through high-gain
Cruise Canberra. ing as Command S/S antenna during
Goldstone required |accepts quan- normal cruise.

titative com-
mands speci-
fying turns
and velocity
magnitude
fortrajectory
correction.
The high gain
antenna may
be used in
addition to
the low gain
antennas
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Table 2, Operation by Mission Phase (Sheet 2 of 4)

Data Data
Phase Time DSIF Station | Tracking Command Collection Transmission
Arrival date | 2 to 10
separation days after
maneuver launch
Turn, Duration | Goldstone Tracking Command TLM S/S in Mode| Transmission at
Thrust, 3.5 hr not required| capability at | 1. Maneuver 7.5 bps, 50 watts,
Turn 1/2 bps when| engineering data |through maneuver
spacecraft is collected for |antenna
has assumed | transmission.
motor burn Attitude verifi-
attitude cation data in
format. Maneu-
ver engineering
motor burn,
and capsule
data is collect-
ed for storage.
Reacquisi- Goldstone TLM S/S is Simultaneous
tion commanded by |transmission of
Completed the C&S to Mode |real time data at
4. Real time 150 bps and
data is collected {stored maneuver
as in normal data at 10, 125 bps,
cruise. Stored |50 watts through
maneuver data |high-gain
is played back. |antenna
At completion
of playback
TLM S/S goes
to Mode 2
Additional
Interplanetary
Cruise Phases = Same as Initial Interplanetary Cruise —>
Additional
Interplanetary
Trajectory
Correction
Phases -¢—————— Same as Arrival Date Separation Maneuver 4

18
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Table 2, Operation by Mission Phase (Sheet 3 of 4)

Data Data
Phase Time |DSIF Station Tracking Command Collection Transmission
Orbit 6 months Tracking not
Insertion after required
launch
Turn, 3 hrs Goldstone Command TLM S/S in Mode | Transmission at
Thrust, capabilityat1/2[1. Maneuver 7.5 bps, 50 watts,
Turn bps when space-| engineering data |through mancuver
craft has is collected for |antenna
assumed transmission.
motor burn Attitude verifi-
attitude cation data in
format. Maneu-
ver engineering.,
motor burn, and
capsule data is
collected for
storage
Reacquisi- TLM S/S is Simultaneous
tion commanded by transmission of
C&S to Mode 4. | real time data at
Stored maneu- 150 bps and stored
ver data is data at 10.125bps.
played back. 50 watts through
At completion high-gain antenna.
of p]aypacl( At completion of
TLM S/Sgoes stored data read-
to Mode 2 L
out, transmission
is at 150 bps. 50
watts. through
high-gain antenna
Orbital All Stations | Doppler Command TLM S/S in Mode | Simultaneous
Operations tracking and [capability 5. Spacecraft transmission of
(Pre-capsule ranging as jat 1/2 bps. engineering and | real time data at
separation) required Science science engineer-] 150 bps and stored
sequencing ing data is col- |data at 40.500. or

commands and
C&S commands
may be updated

lected for real
time transmis-
sion. Capsule
diagnostic data
is contained in
format. Science
data (scan and
non-scan) is col-
lected and stored.
Playback of re-
corded data be-
gins when record-
er is full or DAS
indicates no
more data for
storage

20.250 or 10.125
bps at 50 watts
through high-gain
antenna

19
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Table 2. Operation by Mission Phase (Sheet 4 of 4)

Data Data
Phase Time | DSIF Station Tracking Command Collection Transmission
Orbit Trim --—— Same as Orbit Injection —
Capsule 3 hr Goldstone Doppler Command TLM S/S in Mode |Same as in Orbital
Checkout 28 min tracking capability at 5. Spacecraft Operations
and and ranging|1/2 bps. Cap-| engineering and
Separation as required|sule quantita- | capsule checkout
tive commands| data (100 bps) is
and updated collected for real
C&S commands| time transmis-
for thecapsule | sion. Science
are accepted data is processed
as in normal or-
bit operations.
After capsule
separation, cap-
sule relay data
is stored by
relay S/S
Orbital All Stations Doppler Same as Orbit-{ Same as Orbital [Same as Orbital
Operation tracking al Operations | Operations (Pre- [Operations (Pre-
Post and ranging|(Pre-Capsule | Capsule Separa- |Capsule Separa-
Separation asrequired | Separation) tion). Capsule tion)
relay data is
handled same as
recorded science
data
Earth TLM S/S inMode [NA
Occultations 3. Real time
data stored if
low-rate science
recorder is
available. Science
playback inhibited
Sun
Occultations Same as Orbital Operation —

20
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3.2.2. Acquisition

After injection and separation from the booster, the broad-coverage, maneuver and high-gain
antennas are deployed. Telemetry, command and tracking modes of operation are the same
as during launch; however, the shroud is gone and communication is directly through the
broad-coverage antenna. The spacecraft acquires the sun and then rolls to acquire Canopus.
During the roll, communications can be lost when the broad-coverage antenna is shadowed
by the spacecraft. This can occur for only a short period of time when the spacecraft roll
angle is approximately 180 degrees from its cruise reference. When Canopus lock is
achieved, the antenna is on the earth side of the spacecraft. If a false Canopus lock occurs
when the antenna is shadowed, commands can be transmitted via the maneuver antenna to
restart the roll-search operation by selecting the proper transmitting frequency. In fact,
any of three command paths can be used by frequency selection throughout the mission
assuming the associated antenna provides adequate gain in the direction of earth. To ohtain
two-way tracking and turnaround ranging, the transmitting antenna must also be used for

reception.

3.2.3. Interplanetary Cruise

After acquisition of the celestial references, normal cruise operations are required. Tele-
metry transmission is switched to the 50-watt, high-gain antenna mode. The high-gain
antenna is used to verify Canopus acquisition. During the cruise phase, the spacecraft will
perform trajectory correction maneuvers. In order to orient the motor in the proper
direction, the vehicle may assume any attitude. Further the magnitude of the velocity
change to be accomplished cannot be determined before launch. Therefore, the command
system must provide for transmitting the turn and velocity magnitude data to the spacecraft.
This data, in the form of quantitative commands, is addressed to the user subsystems by

the command decoder,

3.2.4. Interplanetary Trajectory Corrections

The vehicle thrust axis must be oriented to the proper position in space for a trajectory

correction. Before motor burn, this attitude must be verified via telemetry.

21



VOY-D-310 : ‘

The high-gain antenna can be used for this function; however, it must be commanded to a new
position. Since this is not desirable, a maneuver antenna is provided for this purpose. It
can support transmission of 7.5 bps out to at least 285 x 106 km. During early maneuvers,

the broad-coverage antenna is also capable of providing this function,

The 7.5 bps telemetry mode provides adequate attitude verification data in addition to other
engineering and capsule data. However, because the data rate is so much less than the
normal engineering rate (150 bps) and because continuous coverage cannot be guaranteed
during spacecraft turns and engine firing, the normal engineering and capsule data is stored
during the maneuver for transmission to earth after the spacecraft returns to the normal
cruise attitude. Command capability is required to back up on-board commands and to
inhibit motor burn if there is a malfunction. Either of the two low-gain antenna-receiver
combinations may be used for command by selecting the appropriate frequency of the ground

transmitter.

3.2.5. Mars Orbit Insertion

The telecommunications requirements are the same as during interplanetary trajectory
corrections. Communications during the turns and telemetry reception during motor burn

are not required.

3.2.6. Mars Orbital Operations

During normal orbit operations, the planet scan science data is stored as it is collected.
Transmission may begin as soon as a recorder is full or the data automation subsystem
indicates playback should start. The recorders are read out in sequence, each recorder
being available for new data as soon as it is emptied. The recorders may be read out at
rates of 40,500, 20,250, and 10,125 bps. The rate of 10, 125 bps can be maintained beyond
maximum Mars-~Earth range. Concurrently with the high rate science data from the
recorders, spacecraft science and capsule engineering data are transmitted at 150 bps.
Commands may be received to backup on-board commands. Range and range rate tracking

may be used for orbit determination.
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Before capsule separation, orbit trim maneuvers may be required. The command system
is required to receive turn and velocity data as for interplanetary trajectory correction
maneuvers. During the maneuver, telemetry data transmissionis reduced to 7.5 bps, and
engineering and capsule data are recorded for transmission after the maneuver is complete.

Command capability is required after achieving the maneuver attitude.

Also, prior to capsule separation, capsule check-out operations require the transmission

of 100 bps of capsule data. The spacecraft engineering data transmission rate is, therefore,
reduced during the check-out period so that the capsule checkout data may be accommodated
with the 150 bps data rate. Norrhal science data collection and transmission can also be

carried out during this period.

After separation, capsule data are received and stored by the relay subsystem. The relay
subsystem is not part of the Spacecraft telecommunications system, although a 400 me relay
antenna is provided. Following capsule impact, stored relay data is transmitted to earth

and normal orbital operations are resumed.

During earth occultation periods, science data is collected as in normal operations; however,
science data playback is inhibited. If a low-rate science recorder is available, engineering

data is stored.

3.3. DATA RATE SELECTION

The data rates selected for the transmission of telemetry data are discussed in this section.
For stored data, the primary rates are 40, 500 bps, 20,250 bps and 10,125 bps. For the
backup systems, a rate of 1,265 bps is provided. The normal rate for the transmission of
real time spacecraft and capsule engineering data is 150 bps; for the backup system this
rate is reduced to 37.5 bps. During maneuvers or emergencies when low gain antennas are

used, a rate of 7.5 bps is provided for engineering data.
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The selection of the data rates for the transmission of stored data is made based on the data
transmission capability of the system as shown in Figure 8. The curve is plotted for worst
case conditions; that is, the data rate shown is calculated for the assumption that all adverse
tolerances hold. Even under this assumption, the selected data rates enable 2.3 x 1011bits
to be returned over the 180 day orbital mission period based on the nominal encounter date

of March 1. Figure 9 shows the variation of total data return over the mission as a function
of the data rate selection made, for trajectories with encounter dates spanning the range of
interest. In addition to worst case conditions, the performance achievable if the system
performance is 3db above worst case is also considered. This represents the system
capability if performance is only 1 db below nominal compared to the 4db degradation allowed

for by the worst case assumption.

Earlier encounter dates are clearly desirable from the communications standpoint because
the communication range is shorter. However, constraints on the lighting conditions for
capsule landing, and on Canopus occultations, make the later arrival date more likely (See
VOY-D-210). It can be seen from the figure that the encounter date has only a small
influence on the selection of the data rates. The rates based on 40 kbps maximum are more
favorable for later encounters, while rates based on 50 kbps maximum are slightly more
favorable for earlier encounters. The chosen maximum rate is 40 kbps (the system clock
frequency leads to a nominal rate of 40,500 bps) and the rates of 20 kbps and 10 kbps allow
the transmission rate to be reduced to match the reduction in channel capacity which occurs
as the range increases during the mission. The transmission capability of the system is
required by the 1973 mission specification to exceed 6.5 x 108 bits per day at encounter
which is equivalent to 7,500 bps. Thus the system capability exceeds the requirement by
more than five to one. A low data rate of 1,265 bps is provided for the backup systems: the
fixed medium gain antenna with a 50 watt power amplifier, and the high gain antenna with
the 6 watt power amplifier. With the medium gain antenna, this rate can be maintained for
75 days after encounter, worst case, and with the high gain antenna, 6 watt power amplifier
combination, for 115 days after encounter. A higher rate, say 2,530 bps, was not provided

because it would complicate the system and thereby jeopardize the primary operating mode
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by adding an additional speed to the tape recorders. The only gain would be to enhance the
performance of the backup systems in the event performance was above worst case. For

the same reason, a lower rate was not provided.

The data rate provided for engineering data transmission is 150 bps which will readily
accommodate the enginéering data requirements of all the spacecraft subsystems. The
capsule requirement is normally less than 1 bps, but during capsule checkout prior to
separation, 100 bps is allotted to the capsule. If one of the radio subsystem backup configu-
rations is in use, the rate for engineering data is reduced to 37.5 bps in order to maintain
the loss due to intermodulation below 0.7 db. During capsule checkout, 25 bps would be

capsule data.

In order to provide a real time transmission capability during maneuvers and emergencies
when low gain antennas are used, a rate of 7.5 bps is provided. This rate can be maintained
by the zero db gain broad coverage antenna to a range of 190 x 106 km, For the maneuver
antenna, the range is 285 x 106 km and real time telemetry can be achieved while in maneuver
attitude through encounter plus 45 days even under worst case conditions (including worst-case
pointing loss of 3 db),

4. INTERFACE DEFINITIONS

The detailed boundary definitions and interface characteristics between the telecommunica-~
tion subsystem and other spacecraft systems are specified in the individual subsystem

functional descriptions.

5. PERFORMANCE PARAMETERS

This section summarizes the parameters and performance characteristics of the tele-

communication system,

5.1. SYSTEM PARAMETERS

Tables 3 and 4, together with Figures 10 and 11, give the values of the significant parameters

that determine the performance of the telemetry and command links. The parameters have

26




ANTENNA GAIN (DB)

0.0

-2.0

VOY-D-310

Figure 10. Gain of Broad Coverage Antenna
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VOY-D-310

been grouped into four categories (transmission mode, channel, reception mode, and polar-
ization loss) such that their combinations provide all inputs to the design control tables for

the selected links.

In addition to the parameters contained in Tables 3 and 4 are the following characteristics of

the telemetry, command, and ranging channels (see VOY-D-312 for characteristics related to

command word structure).

5.1.1., Telemetry
a. Transmission Rates
1. 7.5 bps
2, 150 bps
3. 40500/150 bps
4, 20250/150 bps
5. 10125/150 bps
6. 1266/37.5 bps
b. Type qf Encoding
1. 7.5-bps channel: bi-phase modulated 13,5 kc squarewave subcarrier,
2. 150-bps channel: bi-phase modulated 432 ke squarewave subcarrier.
3. 40500/150, 20250/150, 10125/150 bps channels: high-rate data is coded (32
code bits per 6 data bits) and bi-phase modulates a squarewave subcarrier (one
code bit per cycle of subcarrier). Low-rate data bi-phase modulates a 432 kc

squarewave subcarrier,

4, 1266/37.5 bps channel: same as above except low-rate data bi-phase modulates
a 13,5 ke subcarrier,

c. Channel Requirements: 493 engineering measurements

d. Engineering Data Word Length: 7 bits
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1.

1.2,

VOY-D-310

Command
Transmission Rate

1. Sub-bit rate: 1,0 bps

2. Command bit rate: 0.5 bps
Modulation type: Digital PSK with PN sync
Number of commands required

1. Discrete: 198

2. Quantitative: 21

Number of commands available: 246

Ranging (See Appendix B for short description and analysis)
Type: Turnaround; DSIF Mark I,

Code type: Short code (clock, X, A, B, and C code components have lengths 2, 11,
31, 63, and 127 bits, respectively).

Threshold signal-to-noise ratio in a 1-cps noise bandwidth that results in minimum
acceptable performance for the ranging system: 15 db.

Code acquisition time at threshold: < 1 hour.
+
Ranging phase-lock-loop threshold noise bandwidth: 0.8 _g 16 ©PS-

Transponder turnaround ranging channel noise bandwidth: 2.5 +0.25 me,

Modulation index (both transmitters): 1.05 +0.1 radians.
+1.4

Carrier modulation loss: -6.0 s db
Ranging modulation loss: -1.5 +gz

Correlation loss: function of SNR in transponder ranging video bandwidth (see Fig-
ure 12).
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Figure 12. Correlation Loss in Ranging Channel
5.2. PERFORMANCE SUMMARY

Appendix A contains design control tables for all telecommunication links. Performance of
the links versus range is also given in the appendix. Tabular summaries of greyout range
(range at which the performance margin is equal to the sum of the adverse tolerances) for
telemetry and command links are given in Tables 5 and 6, along with an index to the tables
and graphs of Appendix A. Ranging performance is shown in Figure A-29 of Appendix A for
hoth nominal and worst-case conditions using the 85-ft/dish and the 210-ft dish ground sta-
tions with 100 kilowatts of transmitted power. Reception and transmission at the spacecraft
are through the high-gain antenna and the 50-watt transmitter is assumed. Channel threshold
is exceeded in all cases at maximum Earth-Mars range. Design control tables A-34 through
A-37 in addition to Figure 12 (correlation loss versus SNR in Video Bandwidth) provide the

data used to derive the ranging performance curves,
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Table 5. Summary of Telemetry Performance

Greyout Design
Transmission Reception Range Control Figure
Mode Channel Mode (KM) Table No. No.

6-watt parasitic 150 bps DSIF 71 1.74 x 103 A-1 A-1
6~watt parasitic 150 bps DSIF 72 1.03 x 105 A-2 A-2
6-watt parasitic 150 bps Acquisition | 8.9 x 103 A-3 A-3

aid
6-watt parasitic 150 bps 85 ft 7.33 x 105 A-4 A-4
6-watt broad coverage 150 bps Acquisition | 8.13 x 104 A-5 A-5

aid
6-watt broad coverage 150 bps 85 ft 6.7 x 106 A-6 A-6
6-watt broad coverage 150 bps 210 ft 1.68x 107 A-T7 A-6
50-watt high gain 150 bps 85 ft 9.3 x10°| A-8 A-T
50-watt high gain 150 bps 210 ft 2,34 x 109 A-9 A-T7
50-watt broad coverage 150 bps 85 ft 2.02 x 107 A-10 A-8
50-watt broad coverage 150 bps 210 ft 5.06 x10° | A-11 A-8
50-watt medium gain 150 bps 210 ft 3.6 x 108 A-12 A-9
6-watt high gain 150 bps 85 ft 3.0 x 108 A-13 A-10
6-watt high gain 150 bps 210 ft 7.5 x 108 A-14 A-10
50-watt high gain 40500/150 bps 210 ft 2.21 x 108 A-15 A-11
50-watt high gain 20250/150 bps 210 ft 3.02 x 108 A-16 A-12
50-watt high gain 10125/150 bps 210 ft 4,07 x 108 A-17 A-13
50-watt medium gain 1266/37.5 bps 210 ft 3.12x10° | A-18 A-14
6-watt high gain 1266/37.5 bps 210 ft 3.56 x 108 A-19 A-15
50-watt maneuver 7.5 bps 85 ft 1.6 x 108 A-20 A-16
50-watt maneuver 7.5 bps 210 ft 4,03 x 108 A-21 A-16
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Table 6, Summary of Command Performance

Reception Transmission Channel Greyout Design Control Figure
Mode Mode (SBPS) | Range (KM) Table No,

Parasitic DSIF 71 1 3.84x 103 A-22 A-17
Parasitic DSIF 72 1 3.42 x 106 A-23 A-18
Parasitic Acquisition 1 2,32 x 105 A-24 A-19
Broad coverage Acquisition 1 1.95x 106 A-25 A-20
Broad coverage 85 ft/25 kw 1 1.27x 108 A-26 \-21
Broad coverage 85 ft/100 kw 1 2.54 x 108 A-27 A-22
Broad coverage | 210 ft/100 kw 1 6.84 x 108 A-28 A-23
Maneuver 85 ft/25 kw 1 1.95 x 10° A-29 A-24
Maneuver 85 ft/100 kw 1 3.89 x 10° A-30 A-25
Maneuver 210 ft/100 kw 1 1.05 x 109 A-31 A-26
Medium gain 85 ft/25 kw 1 3.6 x 10° A-32 A-27
High gain 85 ft/25 kw 1 5.19 x 10° A-33 A-28
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APPENDIX A

Appendix A contains performance curves (Figures A-1 through A-29) and design control
tables (Tables A-1 through A-37) for the telecommunication links for both the prime modes

and major backup modes of operation.
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Figure A-13, Link Performance Vs Range (Telemetry)
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Figure A-16. Link Performance Vs, Range (Telemetry)
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Figure A-18, Link Performance Vs. Range (Command)
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Figure A-19. Link Performance Vs. Range (Command)
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Figure A-20, Link Performance Vs, Range (Command)
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Figure A-21. Link Performance Vs. Range (Command)
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Figure A-23. Link Performance Vs. Range (Command)
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Figure A-24, Link Performance Vs. Range (Command)

A-25




RECEIVED CARRIER POWER (dbm)

PERFORMANCE MARGIN (db)

TRANSMISSION MODE: 85 FT/ 100 Kw

VOY-D-310

CHANNEL . 188PS
60 RECEPTION MODE . MANEUVER
-70 \\\ T
NN
-80 SRX
RN
-90 q \\
-100 \» \Q\
\\\~
1o — \\. \‘
\\\
L N\ <§-
-130 = _ i > \&
NN
ANNN
0-DATA
g0 CCARRIER
B\ L L [ ' |
\\
i i
| *\ ;
) e e e IR I RS S i —t 4 — et
o \ i
| N L ]
o e e
| o N oo
i ‘ ° i
A O N S B & \ i
. N
FER N
-(-4.8)] L
TR L N
oL | Is i ' b}
10 10 10 10
RANGE (KM)

Figure A-25, Link Performance Vs. Range (Command)
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Figure A-26, Link Performance Vs. Range (Command)

A-27



VOY-D-310

TRANSMISSION MODE: 85 FT/25 Kw
CHANNEL . 18BPS
RECEPTION MODE © MEDIUM GAIN

-100

-108 S

[
3
|

|
T

\
|
pY

i\\
)
/

RECEIVED CARRIER POWER (dbm)
~
()

ey
"1 N
-138 / 1o
-0 /
D-DATA
C - CARRIER
40
35
2 30
2 l
2
5 25
4
a
b3
w 20 N S S - I
o
z
z .
z s — ;
e ey
E c
&
NEG.TOL.
a. or—--— - — —— -4 _
D-(-438)
c-(-s.a)\
) — - — —
0
107 108
RANGE (KM)

Figure A-27. Link Performance Vs. Range (Command)
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Figure A-28. Link Performance Vs. Range (Command)
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VOY-D-310

| Table A-1, Telecommunication Design Control Table
TRANSMISSION MODE = 6 WATT PARASITIC
CHANNEL - 150 3ps
RECEPTION MODE = DSIF 71
TOLERANCES
NO PARAMETER VALUE FAVORASLE ADVERSE SOURCE
b TOTAL TRANSMITTER POWER 37.80 neM 0,80 DB -1,00 D
' ? TRANSMITTING CIRCYUIT LOSS -22,10 pB 0,00 pg 0.00 28
3 TRANSMITTING ANTENVA GAIN 0,00 DB 0,00 DB 0,00 DB
4 TRANSMITTING ANTENVA POINTING LOSS 0,00 DB 0,00 pp 0,00 DB
3, SPACE LOSS «159.70 nB 0,00 DB 0,00 DB
' FMC=  2,2950000E 03 MC R=  1,7000000E 03 KM
6 POLARJZATION LOSS =3.00 DB 0,00 DA 0.00 DB
? RECEIVING ANTENNA SAIN 26,00 NB 1.00 DB ~1.00 DB
8 RECEIVING ANTENNA PQOINTING (0SS 5,50 DB 5,50 DB 0.00 DB
9 RECEIVING CIRCVIT 0SS 0,00 DB 0.00 N8 .80 pa
10 NET CIRCUIT LOSS -164,30 DB 6.50 DB -1,00 ng 243444546
+7+849
11 TOTAL RECEIVED POWER ~126.50 DBM 7.30 08 ~2,00 DB 1e10
12 RECETVER NOISE SPECTRAL DENSITY ~163.90 Dam ~1.00 DB 0.00 DB
(N/B)
T SYSTEm = 3000.00
‘ 13 CARRIER MODULATION LOJSS ~6.49 08 1.20 D8 ~1.40 D8
14 RECEIVED CARRIER POWER ~132.,90 D8M 8.50 D8 ~3.40 DB 11413
15 CARRIER APC NOISE dW (2BLO = 12,00) 10.80 DB 0.00 na 0,00 DB
CARRIER PERFORMANCE-
TRACKING(ONE=-WAY)
16 THRESHOLD SNR IN 2300 0.00 DB 0.00 D8 0.p00 D8
17 THRESHOLD CARRIER PQWER -153.10 28M -1,90 D8 0,00 ng 12+15+18
174 153,10 0@M 1.90 DB «0,00 DB
18 PERFORMANCE MARGIN 20.20 N8 9.50 0B -3,40 0B 14174
CARRIER PERFORMANCE-
TRACKING(TWO=-4AY)
19 THRESHOLD SNR IN 2BLD 2.00 DB 0.00 DB 0,00 08
20 THRES®OLD CARRIER PQOWER -151.10 0@ -1.00 Dg 0.00 D8 12415419
204 151,10 9am 1.80 DR «0,00 DB
23 PERFORMANCE MARGIN 18.20 08 %.50 DB «3,40 DB 14+20a
CARRI{ER PERFORMANCE-
DATA DETECTION
22 THRESHOLD SNR IN 23,0 12.00 DB 0.00 D8 0.00 ne
23 THRESHOLD CARRIER PQOWER -141.10 03w -1.00 D8 0,00 18 12+15+22
23a 141,10 ne™ 1.00 ng =0,00 DB
24 PERFORMANCE “AGIN 8.20 nB 9.50 D8 »3.40 D3 144234
DATA CHANNEL A
25 MODULATION LOSS »1.10 DB 0.30 by ~0.%% DY
26 RECEIVFD DATA SUBCARRIER POWER ~127.60 NgM 7.60 DB ~2.507 DB 1125
27 81T RATE (Rz1/T) 21,80 1B 0.00 DB 0.09 b8
28 REQUIRED ST/N/3 6.70 DB =0.30 D3 0.5) DB
29 THRESHOLD SUBCARRIER POWER ~135,40 NgM ~1.30 D3 0,50 08 12477428
294 135.40 ngM 1.30 DR «0,50 DB
30 PERFORMANCE MARGIN 7.80 DB 8.90 N8 «3.00 DB 264294
SYNC CHANNEL A
31 MODULATION L35S -1.17 73 0,30 08 «0.50 DR
32 RECEIVER SYNC SUACARRIER POWER ~127.6n NBm 7.60 08 »2,57 DB 11431
33 SYNC APC NNISE RW (28LD = 5,00) 7.90 0B «0.50 DB 0.00 DB
34 THRESHOLD SNR IN 28L0 20.00 08 0.00 DB 0,00 DB
35 THRESHOLD SURCARRIER PNWER -136,90 NB™ -1.50 N8 0.00 DB 12433434
354 136.90 Dg» 1.50 08 «0.07 DB
36 PERFNRMANCE MAGIN 9.30 DB 9.10 D8 -2.50 DB 324354



VOY-D-310

Table A-2. Telecommunication Design Control Table

.. TRANSMISSION MODE =~ 6 WATT PARASITIC
..CHANNEL .= 150 BPS. __.
.RECEPTION MODE . =~ DSIf 72 .

R TOLERANGES U
N PARAMETER VALUE FAVORABLE. . ADVERSE SOURCE
$. _ .TOTAL_TRANSMITTER PQWER 37,80 DBM 0,80 DB =1,0008 . -
] TRANSHITTING CIRCUIY LOSS -22,10 0B 0,00 DB 0,00 DB
3 . TRANSMITTING ANTENWA GAIN 0,00 DB 0,00 Dp . 0,00 08
4 TRANSMITTING ANTENNA POINTING {0SS 0,00 pB 0.00 0B . 0,00 DB
5, SPACE LOSS ~1%89,70 g 0,00 0B 0,00 08
v FMCx  2,2950000€ 03 MO Rs  1,0000000€ 03 KM
. ) POLARIZATION LOSS 0,00 D8 0.00 N8 -
o~ .7 . RECEIVING ANTENNA GAIN . 42,50 nB 0,50 NB .
A _RECEIYING ANTENNA_PQINTING LOSS . 0,00 DB 0,00 DB
—..9__. RECEIVING CIRCUI? WOSS_._.______ ___ 0,00 pg 0,060 DB S
10 NET CIRCULT L0SS -139,30 0B 0.50 0B -0,50 DB 2+3¢4e546
*7e8e9
11 TOTAL RECEIVED POWER -101.,50 DBM 1.30 DB «1,50 08 14107
12 RECEIVER NOISE SPECTRAL DENSITY -174,60 DBM «1.00 DB ‘o.70pP8 T T
(N/8B)
T SYSTEM = 250,00
13 CARRIER MODULATION LOSS ~6,40 DB 1.20 DB 1,40 DB -
14 RECEIVED CARRIER POWER -107,90 DBM 2,50 0B -2,90 DB 1113
18 CARRIER APC NOISE BW. (2BLO = 12,00) 10,80 D@ 0.00 0B 0.00 DB __
CARRIER PERFORMANCE~ N
TRACKING CONE~WAY)
14 THRESHOLD SNR IN 28L0 0.00 DB 0.00 DB 0.po DB
17 THRESHOLD CARRIER POMER <163.80 DBM -1,00 0@ 0,707 087 Ti2ei5+16
174 163,80 DBM 1,00 DB «0,70 DB ~
18 PERFORMANCE MARGIN 55.90 08 3.50 DB »3.60 DB 14e174
CARRIER PERFORMANCE.
TRACKING (TWO=WAY)
19 THRESHOLD SNR IN 2810 2.00 DB 0.00 DB 0,00 DB _ . R
20 THRESHOLD CARRIER PQWER -161.80 DBM «1,00 DB 0,70 p8 12415419
204 161,80 D@M 1,00 0B =0,70 DB R
21 PERFORMANCE MARGIN $3.90 nA 3.50 08 -3,60_ DB 14204
CARRIER PERFORMANCE-
DATA DETECTION
22 THRESHOLD SNR IN 28L0 $2.00 DB 0,00 DB 0.00 08 " 7
23 THRESHOLD CARRIER POWER =151,80 DBM -1.00 DB 0.70 DB 1241522
23 151.80 DBM 1.00 08 «0,70 DB
24 PERFORMANCE MARGIN N 43,90 DB 3.50 DB Te3.60 D@ T T 14e23h7
DATA CHANNEL A
23 MODULATION LOSS =1.10 DB 0.30 DB =0,%0 DB
26 RECEIVED DATA SUBCARRIER POWER »102.60 0BM 1.60 0B -2,00 D8 11425
27 RIT RATE (Rel/T) 21,80 DB 0,00 DB 0,00 DB
28 REQUIRED ST/N/8 6.70 DB «0,30 08 0.50 0B )
29 THRESHOLD SUBCARRIER POWER -146,10 DBM -1.30 08 1.20 P8 12427428
294 146,10 DBM 1.30 og «1,20 08
30 PERFORMANCE MARGIN ) 43,50 08 2.90 0@ *3.20 DB 269294
SYNC CHANNEL A
31 MODULATION LOSS »1.10 0B 0.30 DB -0.%0 DB
32 RECEIVER SYNC SUACARRIFR POWER -102.60 0BM 1.60 ng -2.00 0B 11631
33 SYNC APC NOISE BW (28L0 = $,00) 7.00 pg «0,%0 DB 0,00 D8
34 THRESHOLD SNR IN 28_0 20.00 DB 0.00 OB 0.00 DB
3 THRESHOLD SUBCARR]ER PONWER -147.60 0BM «1,50 08 0.70 DB 12433434
354 147,60 08M 1.50 0@ «0.70 0B
36 PERFORMANCE MARGIN 45,00 DB 3,10 08 -2.70 DB 324354
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Table A-3. Telecommunication Design Control Table

TRANSMISSION MODE = 6 WATY PARASITIC

CHANNEL - 150 BPS
RECEPTION MODE - ACQUISITION AlD
ND PARAMETER VALUE
1 TOTAL TRANSMITTER PQWER 37,80 0BM
H TRANSMITTING CIRCUIYT LOSS -22,10 0B
3 TRANSMITTING ANTENNA GAIN 0,00 DB
4 TRANSMITTING ANTENVA POINTING LOSS 0,00 0B
S, SPACE LOSS -159,70 DB
" FMCs  2,2950000E 03 MC Rz 1,0000000E 03 KM
6 POLARIZATION LOSS 0.00 DB
7 RECEIVING ANTENNA GAIN 22,00 0B
8. RECEIVING ANTENNA POINTING LOSS 0,00 DB
1 RECEIVING CIRCJIT »OSS 0,00 0B
10 NET CIRCUIT LOSS -1%9.80 DB
11 TOTAL RECEIVED POMWER ~122,00 DBM™
12 RECEIVER NOISE SPECTRAL DENSITY 174,30 DBM
(N/B)
T SYSTEM = 270,00
13 CARRIER MQDULATION LOSS 6,40 D8
14 RECEIVED CARRIER POWER ~128,40 DBM
15 CARRTER APC NOISE Bw (28LO0 = 12,00) 10.80 DB
CARRIER PERFORMANCE=
TRACKING{ONE~WAY)
16 THRESHOLD SNR IN 2BLD 0.00 DB
17 THRESHOLN CARRIER POWER -163,.50 DEM
174 163,50 DBM
18 PERFORMANCE MARGIN 35,10 D8
CARRIER PERFORMANCE-
TRACKING(THO=WAY)
19 THRESHOLD SNR IN 28L0 2,00 DB
20 THRESHOLD CARRIER PQOWER *161,50 DB™
204 161,50 D™
21 PERFCRMANCE MARGIN 33.10 D8
CARRIER PERFORMANCE-
DATA DETECTION
22 THRESHOLD SNR IN 23,0 12.00 DB
23 THRESHOLD CARRIER POWER -151.50 DBM
234 151,50 oM
24 PERFORMANCE MARGIN 23.10 DB
DATA CHANNEL A
25 MODULATION LOSS ~1,10 DB
26 RECEIVED DATA SUBCARRIER POWER ~123.10 DBM
27 BIT RATE (Rsi/T) 21,80 DB
28 REOUIRED ST/V/8 6.70 08
29 THRESHOLD SUBCARRIER POWER ~145,80 DBM
294 145,80 DBM
30 PERFORMANCE MARGIN 22,70 DB
SYNC CHANNEL A
31 MODULATION LOSS ~1,10 D8
32 RECEIVER SYNC SUBCARRIER POWER -123,10 DBM
33 SYNC APC NOISE BW (28LO0 = 5.00) 7.00 9B
34 THRESHOLD SNR IN 28L0 20.00 2B
33 THRESHOLD SUBCARRJER POWER ~147.30 DBM
354 147.30 DBM
36 PERFORMANCE MARGIN 24,20 DB

A-33

TOLERANCES
FAVORABLE
0,80 0B
0,00 DB
0,00 nB
0.00 08
0,00 ng

0.00 DB
1,00 DB
0,00 0B
0,00 DB
1,00 DB

1.80 08

«0.90 DB

1.20 D8
3.00 DB
0.00 DB

0.00 DB
«0,90 D8
0,90 B

3.90 DB

ADVERSE _ SOURCE
«1,00 DB
0,00 DB
0,00 D8
0,00 DB
0,00 pB

0.00 08
*1,00 D8 _
0,80 DB

0,00 0B .

«1,00 DB 243444506
474849

=2,00 DB 1+10
0,70 DB

=1.40 DB
=3.40 DB 1113
0.00 DB

0.00 DB
0.70 DB 12+15+16
«0,70 DB

4,10 DB 144174

0.Q0 DB
0,70 98 12#15+19
-0.,70 08

-4.10 DB 144204

0,00 DB
0.70 0B 12¢15+22

«0.70 0B

«4.10°08  14e23x T T

«0.50 DB

~2.50 DB 1125
0.00 D8

0.50 DB

1.20 DB 12427428
«1,20 D8B.

=3,70 08B 260294

-0,50 DB

*2,50 D8 11431
0.00 pB

0,00 DB

0.70 D8 12433434
«0.70 08

-3.20 08 32354
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Table A-4. Telecommunication Design Control Table

TRANSMISSION MODE - 6 WATT PARASITIC

CHANNEL - 150 BPS
'RECEPTION MODE = 85 FT
NO PARAMETER

1 TOTAL TRANSMITTER POWER
2 TRANSMITTING CIRCUIT LOSS

3 TRANSMITTING ANTENNA GAIN

4 TRANSMITTING ANTENNA POINTING LOSS

L SPACE LOSS
© FMCE  2,2950000E 03 MC Ra

POLARIZATION LOSS

RECEIVING ANTEVNA GAIN

(]
?
[} RECEIVING ANTENNA POINTING L0SS
9 RECEIVING CIRCUIT L0SS

0

NET CIRCUIT LOSS

11 YOTAL RECEIVED PONER

12 RECEIVER NOISE SPECTRAL DENSITY

(N/B)
T SYSTEM = 55.00
13 CARRIER MODULATION LOSS

14 RECEIVED CARRIER PDWER

13 CARRIER APC NOISE BW (28L0 = 12,

CARR1ER PERFORMANCE-
TRACKING (ONE=WAY)

18 THRESHOLD SNR IN 28L0
17 THRESHOLD CARRIER POWER
174

18 PERFORMANCE MARGIN

CARRIER PERFORMANCE-
TRACKING t TWO=WAY)

19 THRESHOLD SNR IN 28L0
20 THRESHOLD CARRIER POWER
204

21 PERFORMANCE MARGIN

CARRIER PERFORMANCE-
DATA DETECTION

22 THRESHOLD SNR IN 2BLO
23 THRESHOLD CARRIER POWER
23

24 PERFNRMANCE MARGIN

DATA CHANNEL &

F1] MODULATION LOSS

26 RECEIVED DATA SUBCARRIER POWER
27 BIT RATE (Rat/T)

28 REDQUTRED ST/N/B

29 THRESHOLD SUBCARRIER POWER
294

30 PERFORMANCE MARGIN

SYNC CHANNFL &

3 MODULATION LOSS
32 RECEIVFR SYNC SUBCARRIER POWER

33 SYNC APC NOISE BW (28LO = 5,00)
14 THRESHOLD SNR N 2B_L0
38 THRESNOLD SUBCARRIER POWER

354
36 PERFORMANCF MA3GIN

1,0000000E 03 KM

00) 10.80

0.00
=170,40
170.40
72.90

2,00
-168,40
168,40

70.90

12,00
-158.40
158,40

60,90

-1%2.70
182,70
60,50

~1.10
-92,20
7.00
20.00
-154.20
154,20

62.00

A-34

DB

DeM
DaM
ne

TOLERANCES
FAVORAALE * ADVERSE
0,80 N8 «1,00 DB
0,00 DB 0,00 0B
0,00 DB 0,00 DB
0,00 DR 0,00 DB
0.00 D8 0,00 DB
0,00 08 0.00 OB
4.00 DB «0.50 DB
0.10 D8 0,00 0B
0,00 DB 0,00 o8
1,10 DR «0,50 08
1.90 nB «1,%0 D8
«0.90 DB 0.70 DB
1.20 98 *1.40 08
3.10 0B -2,90 DB
0.00 DB 0.00 D8
0.00 0B 0.30 DB
«0,90 NA 0,70 D8
0.90 DB =0.70 DB
4.00 N8 -3.60 DB
©.00 28 0.00 D8
«0,90 DB 0,70 DB
0.9¢ 98 -0,70 0B
4,00 08 «3.60 D8
0.00 DB 0.00 DB
«0.90 DB 0.70 28
0.906 np -0.70 DB
4,00 DB «3.60 08
0.30 NB «0,%0 08
2.20 B «2,00 DB
0,00 DB 0.00 0B
«0.30 D8 0.%0 DB
©1.20 08 1,20 D8
1,20 DB «1,20 DB
3.40 DB «3,20 DB
0.30 DA «0.50 08
2,20 bR «2,00 98
=0.,50 ng 0,00 08
0.00 N8 0,00 08
-1.40 ng 0.70 0B
1,40 08 «0,70 08
3,80 DB .2,70 0B

SOURCE

2¢30445406
«7+309

1010

1143

12415416

144474

12¢45+19

144204

12+1%+22

144234

1125

12427428

260294

11e31

1243334

32354
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Table A-5, Telecommunication Design Control Table

TRANSMISSION MODE ~ 6 WATY BROAD COVERAGE

CHANNEL - 150 BPS
RECEPTION MODE ~ ACOUISITION AID
NO PARAMETER VALUE
b3 TOTAL TRANSMITTER POWER 37,80 DBM
2 TRANSMITTING CIRCUIT LOSS «1,90 DB
3 TRANSMITTING ANTENNA GAIN 0,00 D8
4 TRANSHMITTING ANTENVA PBINTING LOSS 0.00 DB
S, SPACE LOSS ~1%9,70 08
t FMC: 2.2950000€ 03 MC Rs 1,0000000E 03 KM
6 POLARIZATION LOSS ~0.10 DB
7 RECEIVING ANTENNA GAIN 22.00 DB
] RECEIVING ANTENNA POINTING LOSS 0,00 D8
9 RECEIVING CIRCVIT LOSS 0,00 DB
10 NET CIRCUIT LOSS -139,70 DB
11 TOTAL RECEIVED POWER -101.90 DEM
12 RECETVER NOISE SPECTRAL DENSITY -174.30 DBM
(N/B)
T SYSTEM = 270,00
13 CARRIER MODULATION (0SS -6,40 DB
14 RECEIVED CARRIER POWER ~108,30 DBM
15 CARRIER APC NOISE 8w (28LO0 = 12,000 $0.80 DB
CARRIER PERFORMANCE=
TRACKING (ONE=WAY)
16 THRESHOLD SNR IN 28LC 0.00 DB
17 THRESHOLD CARRIER POWER <163.50 DBM
174 163.50 DaM
18 PERFORMANCE MARGIN §5.20 D8
CARRIER PERFORMANCE-
TRACKING (TWO=WAY)
19 THRESHOLD SNR IN 280 2,00 DB
20 THRESHOLD CARRIER POWER -161.50 DBM
204 161.50 DM
21 PERFORMANCE MARGIN 53,20 D8
CARRIER PERFORMANCE-
DATA DETECTION
22 THRESHOLD SNR IN 28L0 12,00 0B
23 THRESHOLD CARRIER PQWER ~151.50 DBM
23a 151,50 DBM
24 PERFORMANCE MARGIN 43,20 DB
DATA CHANNEL A
25 MODULATION LOSS «1.10 DB
26 RECEIVFD DATA SURCARRIER POWER =103.00 DBM
27 BIT RATE (R3l/T) 21,80 DB
28 REQUIRED ST/V/B 6,70 0B
29 THRESHOLD SUSCARRIER POMWER ~145.80 DBM
294 145,80 DBM
30 FERFORMANCE MARGIN 42,80 DB
SYNC CHANNEL A
31 MODULATION LOSS ~1.10 DB
32 RECEIVFR SYNC SUBCARRIER POWER «103.00 DAM
33 SYNC APC NOISE BW (2RLC 3 5,00) 7.00 DB
34 THRESHOLD SNR IN 2BLO 20,00 DB
35 THRESHOLD SURCARRIER POWER ~147.30 DBM
354 147,30 DBM
36 PERFORMANCE MARGIN 44.30 DB

A-35

TOLERANCES
FAVORAALE ADVERSE
0,80 DB -1,00 DB
0,40 7B -0,40 DB
1,00 0B «0,50 DB
0,00 0p 0,00 DB
0,00 08 0,00 DB
0.10 98 0.00 DB
1.00 98 «3,00 DB
0,00 Dy 0,00 D@
0,00 pB 0,00 DB
2.50 0B «1,90 DB
3,30 e -2,90 D8
-0,90 08 0.7¢ DB
1,20 08 »1,40 DB
4,50 0B -4,30 DB
0,00 08 0.00 DB
0.00 D8 0.00 DB
-0,90 08 0.70 08
0.90 0B -0.7¢ DB
5,40 08 =5.00 0B
0,00 DB 0,00 D8
-0.90 08 0.70 DB
0.90 0B -0,70 DB
5,40 N3 -5.00 DB
0,00 08 0.00 DB
-0.90 D3 0.70 DB
0.90 08 -0,70 DB
5.40 08 «5,00 DB
0.30 08 «0.,50 DB
3.60 DB ~3.40 DB
0.00 Dg 0.00 DB
-0,30 DB 0.50 DB
-1.20 08 1,20 DB
1.20 pa -1,2n pB
4.80 DB »4,60 DB
0.30 DB -0.50 DB
3,60 DB «3,40 DB
«0.50 D@ 0.00 DB
0.00 DB 0,00 0B
-1,40 08 0,70 0B
1,40 DB «0,70 DB
5.00 DB ~4,10 DB

SOURCE

243444546
74849

1+10

11413

12+15416

14e174

1241519

144204

1215422

14234

11425

12+27428

264294

1131

12033434

32354



VOY-D-310

Table A-6. Telecommunication Design Control Table

TRANSMISS]ON MODE ~ 6 WATT BROAD COVERAGE
CHANNEL - 150 8PS
RECEPTIQN MODE - 85 FT

NO PARAMETER VALUE
b TOTAL TRANSMITTER POWER 37.80 npM
R TRANSMITTING CIRCUIT LOSS =1,90 DB
3 TRANSMITTING ANTENVA GAIN 0,00 DB
4 TRANSMITTING ANTENNA POINTING LOSS 0.00 N8
5, SPACE LOSS -2%9,70 9P
t FMC®  2,2950000€ 03 MC Rs 1,0000000E 08 KM
6 POLARIZATION LOSS =~0.10 0B
7 RECEIVING ANTENNA GAIN 33.00 DB
] RECEIVING ANTENNA POINTING LOSS -0.10 DB
9 RECEIVING CIRCULIT 0SS 0,00 DB
10 NET CIRCUIT LOSS ~208,80 DB
11 TOTAL RECEIVED POWER =171.00 DBM
12 RE;’IVEQ NOISE SPECTRAL DENSITY +183,20 DA™
(N

T SYSTEM = 55.00

13 CARRIER MODULATION LOSS 6,40 DB
14 RECEIVED CARRIER POWER 177,40 DBM
15 CARRIER APC NQISE dw (28LO = 12,00) 10.80 DB

CARRIER PERFORMANCE-
TRACKING(ONE=-WAY)

16 THRESHOLD SNR IN 2BLO 0.00 08
17 THRESHOLD CARRIER POWER =170.40 DBM
174 170.40 DBM
18 PERFDRMANCE MARGIN =7.00 DA

CARRIER PERFORMANCE -
TRACKING(TWO=wWAY)

19 THRESHOLD SNR IN 2BLO 2.00 DB
20 THRESHOLD CARRIER POWER ~168,40 DBM
204 168,40 DBM
21 PERFORMANCE MARGIN -9,00 DB

CARRIER PERFORMANCE-
DATA DETECTION

22 THRESHOLD SNR IN 24L0 12.00 DB
23 THRESHAOLD CARRIER POWER -158,40 DB
23a 158.40 DEM
24 PERFORMANCE MARGIN -1%.00 DB

DATA CHANNEL A

23 MODULATION LOSS =1.10 DB
24 RECEIVED DATA SUBCARRIER POWFR ~172.10 DBM
27 BIT RATE (Ral/T) 21,80 DB
28 REQUIRED ST/N/3 6,70 DB
29 THRESHOLD SUHCARRIER POKER -1%2.70 D@M
294 152,70 paM
30 PERFORMANCE MARGIN 49,40 DB

SYNC CHANNEL A

31 MODULATION LOSS «1.10 0B
32 RECEIVER SYNC SUBCARRIER POWER =172.10 DBM
33 SYNC APC NOISE BW (2BLO = 5,00) 7.00 0B
34 THRESHOLN SNR IN 28(L0 20.00 DB
3% THRESHOLD SUBCARRIER POWER =-154.20 DBM
354 154,20 DBM
36 PERFORMANCE MARGIN =17.90 DB

A-36

FAVORABLE

0.80
0.40
1,00
0,00
0,00

0.10
1,00
0,10
0,00
2,60

3.40

«0.90

1.20
4.60
0.00

0.00
0,90
0.90
5.50

TOLERANCES

D8

08
-]

hl:)
na
ne
ne

o8
L]
bl:]
N

s2:}]
bB
o]
0B
o]
[e):]
a):]

ADVERSE SOURCE

1,00
«0,4C
0,50

0.00

0,00

0,00
-0,90
0,80
0,00

1,40

v2,40

0.70

1,40
=3.80
0.00

0.00
0.70
«0.70
-4.50

0.80
0,70
0,70

4,50

0.70
«0.70

4,50

«0.50
2,990
0.00
0.%0
1.20
-1,20

4,10

«0.%0
-2.%0
0.00
0,00
0.70
0,70

«3.860

DB
<1}
0B
b8
0B

08
ne
0B

ne

bB
0B

0B
08

DB
o8
08

o8
DB
pl:]
DB

DB
L]
DB
bl

o8B
D8
L)
o8
*L]
o8

oo
b8
0B
o8

DB
1]

2¢3e40546
74849

120

11413

12415416

144172

12+15¢10

14204

1201522

144234

1125

12427428

200294

1131

12433434

324354




Table A-7. Telecommunication Design Control Table

TRANSMISSION MODE ~ 6 WATT BROAD COVERAGE

CHANNEL - 150 3psS

RECEPTION “ODE - 210 Fr

VOY-D-310

TOLERANCES
NO PARAMETER VALUE FAVORABLE ADVERSE SOURCE
1 TOTAL TRANSMITTER POWER 37,80 DBM 0.80 D8 «1,00 DB
2 TRANSMITTING CIRCUIT LOSS «1.90 DB 0,40 DB «0,40 DB
3 TRANSMITTING ANTENVA GaAIN 0,00 DB 1,00 nB «0,50 DB
4 TRANSMITTING ANTENVA POINTING LOSS 0,00 DB 0.01 ©B 0,00 DB
5, SPACE LOSS ~2%9,70 DB 0,00 DB 0,00 DB
* FMC=  2,2950000€ 03 MC Rz 1,0000000E 08 KM
6 POLARIZATION LOSS ~0,10 08 2.1 DB 0,00 DB
7 RECEIVING ANTEVNA GaIN 61,00 D8 1.00 DB 21,00 DB
8 RECEIVING ANTEVNA POINTING LOSS -n,30 DB 0.30 0B 0,00 pa
9 RECEIVING CIRCJIT 0SS 0,00 DB 0.00 DB 0,00 DB
10 NET CIRCUIT LOSS -201,00 DB 2 80 DB =1,90 D8 243444546
¢7+849
11 TOTAL RECEIVED POWER -163,20 DBM 3.60 DB -2,90 DB 1010
12 RECEIVFR NOISE SPECTRAL DENSITY +182.10 Dg *1.10 0B 0.90 DB
(N/B) |
T SYSTEM = 45,00
13 CARRIER MODULATION LOSS -6.40 DB 1,20 0B »1.40 DB
14 RECEIVED CARRIER POWER ~169,60 DBM 4.80 DB -4,30 DB 11413
15 CARRIER APC NOISE 3w (2BLO = 12,00} 10,80 DB 0,00 0B 0.00 DB
CARRIER PERFORMANCE- |
TRACKING (ONE~WAY)
16 THRESHOLD SNR IN 28L0 0.00 DB 0.00 D8 0,00 DB }
17 THRESHOLD CARRIER POWER -171,30 DBM -1.10 DB 0,90 D8 12415416
174 171,30 DBM 1,10 0B -0,90 DB
18 PERFORMANCE “AGIN 1.70 DB 5.90 DB -5,20 DB 140172
CARRIER PERFORMANCE-
TRACKING(THD=WAY)
1y TAn T TuR Tuo2Rin 2,00 DB 0.00 D8 0.00 DB
20 THRESHOLD CARRIER POWER +169.30 DM «1,10 DB 0,90 08 Lceisvin
204 169,30 DBM 1,10 DB -0,90 DB
21 PERFORMANCE MARGIN -0,30 DB 5.90 DB «5,20 DB 144204
CARRIER PERFORMANCE-
DATA DETECTION
22 THRESHOLD SNR IN 28L0 12,00 DB 0.00 D8 0.00 DB
23 THRESHOLD CARRIER POWER -159,30 DBM -1.10 DB 0,90 D8 12445422
23a 159,30 DaM 1,10 DB =0,90 DB
24 PERFORMANCE ™A3GIN -10.30 D8 5.90 DB =5,20 DB 144234
DATA CHANNEL &
25 MODULATION (0SS -1.10 D8 0.30 DB -0,50 DB
26 RECEIVED DATA SURCARRIER POWER +164.30 DBM 3,90 D8 -3.40 DB 11425
27 BIT RATE (R=1/T) 21,80 DB 0,00 DB 0,60 pB |
28 REQUIRED ST/N/3 6.70 DB -0.30 DB 0.50 DB
29 THRESHOLD SUACARRIER POWER -153.60 DBM -1.40 DB 1,40 DB 12427428
294 183,60 Dam 1,40 DB 1,40 DB
30 PERFORMANCE MARGIN «10.70 DB 5.30 DB -4,80 N8 269794
SYNG CHANNEL A |
31 MODULATION LOSS -1.10 D8 0.30 DB ©0,50 DB |
32 RECEIVER SYNC SUSCARRIER POWER “164,30 DBM 3.90 DB -3,40 DB 11631
33 SYNC APC NOISE 8w (28L0 = 5.,00) 7.00 DB «0.50 0§ 0,80 DB |
34 THRESHOLD SNR IN 2BLO 20,00 DB 0.00 DB 0,00 DB !
35 THRESHOLD SUBCARRIER POWFR -155.10 DM -1.60 DB 0.90 DB 12433434
354 155,10 DBM 1,60 DB <0.90 DR |
36 PERFORMANCE MARGIN -9,20 DB 5,50 DB «4,30 DB 320354
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Table A-8. Telecommunication Design Control Table

TRANSMISSION MODE =~ 50 WATT HIGH GAIN

CHANNEL - 150 8pS
RECEPTION MODE -~ 85 FTY
TOLERANCES
NO PARAMETER VALUE FAVORABLE ADVERSE SOURCE
1 TOTAL TRANSMITTER POWER 47,00 DBM 0,20 DB «0,50 pa
2 TRANSMITTING CIRCU!T LOSS =2,30 DB 0,40 DB «0,40 DB
3 TRANSMITTING ANTENNA GAIN 34,80 pp 0,30 pg «0,40 DB
4 TRANSMITYING ANTENNA POINTING LOSS «1,30 DB 1,30 0B 0,00 pe
9 SPACE LOSS ~259,70 0p 0,00 pB 0,00 pB
T FMCa 2,295000Q0E 03 MC Rs 1,0000000E 08 KM
6 POLAR]ZATION 0SS *0.10 DB 0,16 DB 0,00 DB
7 RECEIVING ANTEVNA GAIN 53.00 0B 1,00 DB =0,50 0B
] RECEIVING ANTEVNA POINTING LOSS «0,40 0@ 0,10 DB 0,00 DB
9 RECEIVING CIRCUIT LOSS 0,00 DB 0,00 DB 0,00 OB
10 NET CIRCUIT LOSS 175,70 DB 3,20 DB «1,30 0B 203040548
€«7e849
11 TOTAL RECETIVED POWER 428,70 DBM J.40 0B =1,80 0B 1+10
12 RECEIVER NOISE SPECTRAL DENSITY ~181,20 DpM -0.90 DB 0,70 08
(N/B)
T SYSTEM = 55,00
13 CARRIER MODULATION L 0SS «6,40 DB 1.20 D8 »1,40 DB
14 RECEIVED CARRIER POWER “135.10 0BM 4,60 DB «3,20 DB 11013
15 CARRIER APC NOISE 8w (28L0 s 12,00) 40,80 08 0.00 DB 0,00 DB
CARRIER PERFORMANCE-
TRACKING(ONE -wAY)
16 THRESHOLD SNR IN 28L0 0.00 D8 0.00 DB 0,00 DB
17 THRESHOLD CARRIER POWER =170.40 DBM -0.90 DB 0,70 DB 1201514
174 170.40 DBM 0,90 DB 0,70 DB
18 PERFORMANCE MARGIN 35.30 DB 5,50 08 «3.90 0B 140174
CARRIER PERFORMANCE-
TRACKING(TWO-WAY)
19 THRESHOLD SNR IN 28L0 2,00 DB 0.00 D8 0,00 DB
20 THRESMOLD CARRIER POWER =188,40 DBM «0.97 DB 0,70 oB 12¢15419
204 188,40 DBM 0,90 0B -0.70 DB
21 PERFORMANCE MARGIN 33,30 D8 5.50 DB «3.90 DB 144204
CARRIER PERFORMANCE-
DATA DETECTIOV
22 THRESHOLD SNR IN 28L0 12,00 DB 0.00 08 0.00 0B
23 THRESHOLD CARRIER POWER ~1%8,40 DBM «0,90 DB 0.70 bB 12045422
25 158,40 DaM 0.90 pg »0,70 DB
24 PERFORMANCE MARGIN 23.30 DB 5.50 DB =3.90 DB 140234
DATA CHANNEL A
25 MODyUL ATION LOSS ~1.,10 DB 0.30 DB «0,%50 08
26 RECEIVED DATA SUACARRIER POWER ~129.80 D8® 3.70 D8 «2.30 DB 11425
27 81T RATE (Rel/T) 21,80 0B 0.00 DB 0,00 DB
28 REQUIRED ST/N/B 6.70 D@ =0.30 DB 0.50 0B
29 THRESHNLD SUHCARAIER POWER «152.70 DBM -1.20 DB 1,20 0B 12627428
294 152,70 0B™ 1,20 e 1,20 DB
30 PERFORMANCE MARGIN 22,90 DB 4,90 DB =3,50 DB 260294
SYNC CHANNEL &
31 HODULATION LOSS ~1,10 DB 0,30 0B 0,50 DB
32 RECEIVER SYNC SURCARRIFR POWER «129,80 DBM 3.70 D8 «2,30 DB 11631
33 SYNC APC NDISE 8w (2AL0 = 5,00) 7.00 o8 «0.50 Dg 0,00 0B
34 THRESHOLD SNR IN 28(0 20,00 DB o.00 DB 0.00 DB
3% THRESHOLD SUHCARRIER POWER -154,20 DEM -1.40 0B 0,70 08 12433434
354 154,20 DBM 1,40 8 «0,70 DB
36 PERFOAMANCE MARGIN 24,40 DB $.10 D8 «3,00 0B J2e354
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Table A-9, Telecommunication Design Control Table

TRANSMISSION MODE = 50 WATT HIGH GAIN

CHANNEL - 150 8PS

RECEPTION MODE - 210 FT

“ N e

9.

10

11
12

13
14
15

16
17
174
18

19
20
204

21

22
23
23a

24

25
26
27
28
29
294

30

VOY-D-310

PARAMETER VALUE
TOTAL TRANSHITTER POMER 47,00 DBM
TRANSMITTING CIRCUIT LOSS -2,30 08
TRANSMITTING ANTENNA GAIN 34,80 DB
TRANSMITTING ANTENNA POINTING LOSS -1,30 0B

SPACE LOSS -259.70 DB

v FMCz  2,2950000€ 03 M Rz 1,0000000E 08 KM
POLARIZATION LOSS -0.10 DB
RECETVING ANTENVNA GAIN 61.00 0B
RECEIVING ANTENNA POINTING LOSS -0,30 DB
RECEIVING CIRCUIT LOSS 0,00 DB
NET CIRCUIT LOSS -167.90 D8
TOTAL RECEIVED POWER -120.90 DBM
RECETVER NOISE SPECYRAL DENSITY ~182.10 DBM

(N/B)

T SYSTEM = 45,00

CARRIER MODULATION LOSS -6.40 DB
RECEIVED CARRIER POWER -127.30 DBM
CARRIER APC NOISE BW (28LO0 ¢ 12,00) 40,88 0B
CARRIER PERFORMANCE-

TRACKING{ONE~WAY)

THRESHOLD SNR IN 2810 0.00 DB
THRESHOLD CARRIER POWER -171,30 DBM

171,30 DBM
PERFORMANCE “ARGIN 44,00 DB
CARRIER PERFORMANCE-

TRACKING(TWO-WAY)

THRESHOLD SNR IN 2BLO 2,00 DB
THRESHOLD CARRIER rOUwEK 145 X0 nom

169,30 D8M
PERFORMANCE “ARGIN 42,00 DB
CARRIER PERFORMANCE-

DATA DETECTION
THRESHOLD SNR IN 28L0 12,00 D8
THRESHOLD CARRIER PQWER -159,30 DaM

156,30 DEM
PERFORMANCE MARGIN 32.00 nB
DATA CHANNEL &
MODULATION LOSS +1.10 DB
RECEIVED DATA SUBCARRIFR POWER -122.00 DB
BIT RATE (Rs31/T) 21.80 DB
REQUIRED ST/N/A 6,70 B
THRESHOLD SUSCARRIER POWER ~153.60 DB

153.60 Dg™
PERFORMANCE “A3GIN 31.60 0B
SYNC CHANNEL A
MODULATION LOSS «1,10 DB
RECEIVER SYNC SURCARRIFR POWER +122.90 DBM
SYNC APC NOISE BW (23Ln = 5.00) 7.00 Dg
THRESHNLD SNR IN 2800 20.0n DB
THRESHOLD SUBCARRIER POMWER -155.10 DB

155.10 DBM
PERFORMANCE MAIGIN 33.10 DB
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TDLERANCES

FAVORARLE

0,20
0,40
0,30

0.00
-1,10

5.90

0.00

1,10

5.9n

0,30

=1.40

5.30

D8
]
0B
L]
D8

bB
[=:]
o]
o]
0B

BB
o8

DB
DB
o8

o8
0B
D8
d:3

b8
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Table A-10. Telecommunication Design Control Table

TRANSMISSION MODE - 50 WATT FROAD COVERAGE

CHANNEL - 150 8PS

RECEPTION MODE - 85 FT

TOLERANCFS
NO PARAMETER VALUE FAVORABLE ADVERSE SOURCE
1 TOTAL TRANSHMITTER POWER 47.00 ng~ 0.2¢ N8 «0.50 DB
2 TRANSMITTING CIRCUTY LOSS «2.00 DB 0.40 Ny <0.4n ng
3 TRANSMITTING ANTENVA GAIN 0.00 pg 1.00 g «0.50 ng
) TRANSMITTING ANTENVA POINTING LOSS 0,00 pg 0.00 g 0.00 Dy
5. SPACE LOSS -259.70 ng ¢c.or cp 0.00 DY
' FMC:  2.2950000F 03 MC Rs  1,0000000E 08 kM
6 POLAR|ZATION LOSS «0.10 DB 0.10 D8 0.80 0B
7 RECEIVING ANTENNA GAIN 53.00 DB 1.00 08 =0.50 DB
) RECETVING ANTENNA POINTING LOSS «0.10 DB 0.10 DB 0.0n nB
9 RECEIVING CIRCUIT 0SS 0.00 DB 6,0" og 0.00 nB
10 NET CIRCUIT LOSS «208.90 Ny 2.60 Ng =1.49 DB 203444548
70849
11 ToTaL RECEIVED POWER -161.90 DgM 2.80 DB =1.90 DB 1410
12 RECETVER NOISE SPECTRAL DENSITY -181.20 DAY -0,90 DB 0.70 DB
(N/B)
T SYSTEM = 55,00
13 CARRTER MODULATION (OSS «6.40 1B 1.20 7R «1.40 D8
14 RECEIVFD CARRIER POWER ~168.30 DBV .00 08 -3.30 PB 11413
15 CARRIER APC NOISE 8w (2BLO = 12,00) 10,80 DY 0.00 g ¢.00 Ny
CARRIER PERFORMANCE-
TRACKING (ONE-WAY)
16 THRESHOLD SNR IN 2BLO 0.00 DR 0.00 DB 0.0n 0B
17 THRESHOLD CARR1ER POWER -170.40 N@m «0,90 Ng 0.70 0B 1241514
174 170.40 DRM 0.9¢ N8 «0.70 DB
18 PERFORMANCE MARGIN 2.10 DR 4.9n ng 4,00 DB 149174
CARRIER PERFORMANCE-
TRACKING(TRO=WAY)
19 THRESHOLD SNR IN 280 2.00 Pe 0.0n nB 0.00 DB
20 THRESHOLD CARRIER POWER -168.40 DaM «C.90 D@ 0.7 Da 12415010
204 185.40 DBM 0,90 Dy <0.70 D8
21 PERFORMANCE MARGIN 0.4n 08 4.90 DB «4.00 DB 14+204
CARRIER PERFORMANCE-
DATA DETECTION
22 THRESHOLD SNR IN 2ALDN 12.00 DB 0.0n DB 0.00 08
23 THRESHOLD CARRIER POWER -158.40 DBM «0.90 7B 0.70 DB 12415422
23 156.40 DE™ 0,90 ng «0.70 D8
24 PERFORMANCE MARGIN -9.90 DR 4.90 8 ~4.00 NB 146234
DATA CHANNEL &
25 MODYLATION LOSS «1.10 DB 0.3¢ N8 «0.57 DB
26 RECEIVFL DATA SU3CARRIER POWER -163.00 DBV 3.10 8 ~2.45 M8 1125
?7 81T RATE (Ral/Ty ?1.8n 08 0.0¢ rg 0.0 Dy
28 REQUIKFD §T/N/3 6.70 DR =0.30 Dy £.51 ng
29 THRESHOLN SUHCARRIER POWER -152.7n ner «1.20 N§ 1.20 DB 12627428
294 152,70 DRH 1,20 rg 1,20 DB
30 PERFORMANCE MA9GIN -40.30 DB 4.30 8 -3.60 DE 260294
SYNC CHANNEL &
31 HMODULATION LOSS ~1.10 DR ¢.30 g -0.50 DB
32 RECEIVFR SYNC SURCARRIFR POWER -163.00 DBE® 3.10 08 -2,40 DB 1131
33 SYNC aPC NOISE 8w {2ALn = 5.00) 7.00 DB -0.50 ng 0.09 p8
34 THRESHOLD SNW In 2H(n 20.0n DR 0.0C0 Ny 0.00 OB
35 THRESHNLN SUHCARR]IER POWER ~154.20 NBM ei.4n DB 6.70 DB 12¢313034
354 154.20 DBM 1.40 B -0.77 DB
36 PERFORMANCE MAGIN -8,40 DR 4.50 0@ «3.10 DR 320354
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Table A-11, Telecommunication Design Control Table

TRANSMISSION MDDE = 50 WATT BROAD COVERAGE
CHANNEL = 150 8pS
RECEPTION MODE - 210 FT

TOLERANCES

1 TOTAL TRANSMITTER POWER 47,00 DBM

TRANSMITTING CIRCUIT LOSS

0,20 ng

«0,50 DB

2,00 N8

TRANSMITTING ANTENNA GAIN

0,00

TRANSMITTING ANTENNA PNPINTING LOSS o0.00

SPACE LOSS
* FMCz  2,2950000€ 03 MC R=

-2%9.,70
1,0000000€ 08 xM

ne
o8

0,40
1,00
o.on
0,00

ne
o8
na

-0, 40
-0,50
0,00
e,00

Ll:]
n8
L]
ns

[} POLARIZATION LOSS =0.10 DB 0.10 OB 0.00 DB
7 RECEIVING ANTEWNA GAIN 61.00 DB 1.00 D8 «1,00 DB
] RECEIVING ANTENNA POINTING LOSS «0.30 D8 0.30 D8 0.00 0B
1] RECEIVING CIRCUIT LOSS 0.00 DE 0.00 P8 0.00 DB
10 NET CIRCULIT LOSS -201.10 DA 2,80 D8 «1,90 D8
11 TOTAL RECEIVED POWER ~154.10 DBM 3.00 U8B -2.40 DB
12 RECEIVER NOISE SPECTRAL DENS!TY ~182.30 DBM -1.10 D3 0.90 DB
(N/R)
T SYSTEM = 45.00
13 CARRIER MONULATION 0SS -6.40 DB 1,20 DB -1.40 DB
14 RECEIVED CARRIER POWER ~160,50 NgM 4,20 DB -3.80 DB
15 CARRIER APC NOISE 8W (28L0 s 12,n0) 10.80 DB 0.00 D8 0,80 DB
CARRIER PERFORMANCE-
TRACKING{ONE=-WAY)
16 THRESHOLD SNR IN 2BLO 0.00 08 0.00 DB 0,00 DB
17 THRESHOLD CARRIER POMER -171.30 DBM ~1,10 08 0,50 DB
174 171,30 DBM 1,10 ng ~0,90 DB
18 PERFORMANCE MARGIN 10.80 DB 5.30 N3 -4,70 DB
CARRIER PERFNRUANCE-
TRACKING{TWO=WAY)
19 THRESHOLD SNR® IN 28LD 2.00 DB 0.00 DB 0,00 DB
20 THRESHOLD CARRIER POKER 14a Tn nom -1.10 D8 0,90 DB
204 169,30 DEM 1.10 D8 =0,90 DB
21 PERFORMANCE MARGIN 8.80 D8 5,30 OB «4.70 DB
CARRIER PERFORMANCE-
DATA DETECTION
22 THRESHOLD SNR IN 2BLOD 12.00 08 0.00 DB 0.00 DB
23 THRESHOLD CARRIER POMER -159.30 NBM «1,10 D8 0,90 DB
23a 159.30 pem 1.10 pB «0,90 DB
24 PERFORMANCE MARGIN -1.20 D8 5.30 N8 «4,70 DB
DATA CHANNEL A
25 MODULATION LOSS «1,10 N8 0.30 DB «0,50 DB
26 RECEIVED DATA SUACARRIER POWER -155,20 DBM 3,30 08 «2.90 DB
27 BIT RATE (R=1/T) 21,80 D8 0.00 DB 0,00 DB
28 REQUIRED ST/N/8B 6.70 DB «0.30 D8 0,50 08
29 THRESHOLD SUBCARRIER POWER -153.60 DBM *1.40 DR 1.40 08
294 153,60 DgM 1,40 08 «1,40 DB
30 PERFORMANCE HARGIN =-1,60 DB 4,70 D3 4,30 DB
SYNC CHANNEL A
31 MODULATION L3SS -1.10 D8 0.30 28 -0.50 D8
32 RECEIVER SYNC SUICARRIER POWER =155,20 DBM 3.30 0B «2.90 DB
33 SYNC APC NOISE Bw (22L0 = 5,00) 7.00 DB «0.50 Ny 0.00 ng
34 THRESHOLD SNR IN 2d8L0 20,00 D8 0.00 73 0.00 DB
35 THRESHOLD SUBCARRIER POWER ~155,10 Da™ -1.60 "R 0.90 DB
354 155,10 D8N 1.60 D3 -0.90 D8
36 PERFORMANCE MARGIN <0.10 D8 4,90 ng -3,86 DB
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Table A-12, Telecommunication Design Control Table
TRANSMISSION MODE « 50 WATT MEDIUM GaAIN
CHANNEL - 150 8PS

"RECEPTION MODE = 210 FT

TOLERANCES
NO PARAMETER VALUE FAVORAHLE ADVERSE SOUKCE
3 TOTAL TRANSMITTER POWER 47,00 D~ 0.20 NB «0.50 DB
H TRANSMITTING CIRCYIT LOSS ~1,70 DR 0,50 nH «0.50 NB
3 TRANSMITTING ANTENNA GAIN 23,50 D8 0,30 NR «0,50 ng
4 TRANSMITTING ANTENNA POINTING LOSS 0,00 DB 0,00 np 0,00 ng
5, SPACE LOSS ~25%9,70 ng 0,00 ng 0,00 ng
* FMCs  2,2950000E 03 MC Ra  1,0000000E 0& KM
6 POLARIZATION LOSS *0,10 DB 0.10 DB 0.00 DB
7 RECEIVING ANTENNA GAIN 61,00 Ne 1,00 N8 ~1.00 DB
) RECEIVING ANTEVNA PQINTING LOSS «0,30 ng 0,30 ng 0,00 ng
] RECEIVING CIRCYIT LOSS 0,00 DB 0.00 DB 0,00 DB
10 NET CIRCUIT LOSS -177,30 Dg 2,20 DM -2,00 D8 203444548
+7+8+9
11 TOTAL RECEIVED POWER =130.30 nNgM 2,40 0B «2,50 DB 1e10
12 RECEIVER NOISE SPECTRAL DENSITY -182,10 @M ©31.10 N8 0,90 98
(N/B)
T SYSTEM s 45,00
13 CARRIER MODULAT]ON L 0SS 6,40 DB 3.20 DB -1.40 DB
14 RECEtVED CARRIER POWER -136.70 DBM 3.60 DB -3.90 N8 11413
15 CARRIER APC NOTSE BW (2BLO » 12,000 10,80 08 0,00 DR 0.00 N8
CARRIER PERFORMANCE-
TRACKING (ONE-WAY)
16 THRESHOLD SNR IN 28L0 0.00 N8 0.00 DB 0.00 08
17 THRESHOLD CARRIER POWER -171,30 DA -1,10 ng 0.90 nB 12+15+16
174 171,30 nam 1,10 DB =0.90 08
18 PERFORMANCE MARGIN 34.60 B 4.70 DR -4.80 DB 144172
CARRIER PERFORMANCE-
TRACKING(TWO=HAY )
19 THRESHOLD SNR IN 28L0 2.00 08 0.00 DB 0.00 DB
20 THRESHOLD CARRIER POWER -169,30 nNgm -1,10 ng 0,90 9B 12+15¢19
204 169,30 Dg» 1.10 g -0,90 DB
21 PERFORMANCE MARGIN 32,60 DB 4,70 ng -4.80 N8 144204
CARRIER PERFORMANCE-
DATA DETECTION
22 THRESKOLD SNA IN 2BL0 12.00 DB 0,00 D8 0.00 DB
23 THRESHOLD CARRIER POWER ~159.30 Dam «1,10 DB 0.90 08 12015422
23 159,30 nagm 1,10 ng -0.90 DB
24 PERFORMANCE MARGIN 22.60 D8 4.70 DB «4.80 DB 144234
DATA CHANNEL &
2% MODULATION L NSS *1.10 DB 0.30 DB «0.50 DB
26 RECETVED DATA SUBCARRIER POWER -131.40 DaN 2.70 D8 =3.00 0B 11425
27 ALT RATE (Ral/f) 21,80 D8 0,00 DB 0,00 DB
28 REOUIRED ST/N/B 6,70 DB «0,30 N8 0,50 08
29 THRESHOLD SUBCARRIER POWER *153.60 NaM «1,40 DA 1.40 18 12027428
294 153,60 ngm 1,40 Dy ~1,40 DB
30 PERFORMANCE MARGIN 22.20 DB 4,10 DA 4,40 NB 260294
SYNC CHANNEL A
31 MODULATION LOSS =1.10 0B 0,30 D8 -0.50 08
32 RECEIVER SYNC SUBCARRIER POWER ~131,40 0BM 2.70 D8 «3,00 DB 11431
33 SYNC APC NOTSE BN (28L0 = $,00) 7,00 DB =0.50 na 0,00 DB
34 THRESHOLN SNR IN 280 20,00 DB 0.00° D8 0.00 08
35 THRESHOLD SUACARRIER POWER -15%,10 DB™ «1.60 Nd 0.90 08 12433434
3I%A 155,10 DBM 1.60 DB «0.9%0 DB
36 PERFORMANCE MARGIN 23.70 DB 4,30 nY «3.,90 DB 324354
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Table A-13, Telecommunication Design Control Table

TRANSMISSION 40DE « 6 WATT HIGH GAIN

CHANNEL - 150 4pS
RECEPTION “ODE - 85 FT
TOLERANCFS
NO PARAMETER VALUE FAVORARALE ADVERSE SOURCE
1 TOTAL TRANSMITTER PQWER 37.80 NeM 0.80 DR «1,00 28
2 TRANSMITTING CIRCUIT LNSS ©2.29 N3 0.50 DR «0,50 DB
3 TRANSMITTING ANTENVA GAIN 34.80 ng 0,30 ny ~0.60 D8
4 TRANSMITTING ANTENNA POINTING LOSS =1.30 PR 1,30 ng 0.00 np
5 SPACE LOSS «259,70 N3 0.0n ng 0.00 np
' FMC=  2.29%0000€ 03 MC Rz 1,0000000E C8 KM
[ POLARIZATION LJSS «d.10 D8 ¢.1n 78 0.00 "B
7 RECEIVING ANTEVNA SAIN 53.00 N8 1,00 28 =0,50 N8
L] RECE!VING ANTENNA POINTING LOSS 0,10 DB 0,10 0B 0,00 DB
9 RECEIVING CIRCJIT »0SS 0,00 08 0,00 "8 0,00 pp
10 NET CIRCUIT LOSS «175.60 DB 3,30 na «1,60 DB 243444546
+7+349
11 TOTAL RECETVED POWER »137.30 DeM 4,10 78 »2.60 DB 1+10
12 RECETVER NOISE SPECTRAL NENSITY -181.20 NBM «0,90 DR 0.70 "8
(N/B)
T SYSTEM = 55,00
13 CARRIER MODULAT!ONV LOSS =6,40 DB 1,20 98 =1.,40 DB
14 RECETVED CARRIER PIWER *144,20 NAM 5.30 "R =4,00 DB 1113
15 CARRIER APC NOISE 3w (28L0 = 12,000 10.80 DA 0,00 NR 0.00 D8
CARRLIER PERFORMANCE~
TRACKING(ONE=WAY}
16 THRESHOLD SNR IN 23L0 0.00 DB 0,00 DB 0.00 98
17 THRESHOLD CARRIER POWER »170,40 0BM «0,90 08 0,70 "8 12¢15+16
174 170,40 nB™ 0,90 ng -0,70 0B
18 PERFORMANCE MARGIN 26.20 N8 6.20 DR «4,70 AR 144474
CARRIER PERFORMANCE-
TRACKING(TWO-sAY}
a7 TePrcunin GNR IN 2800 2.0c D8 0.00 NE 0.00 DB
20 THRESHOLD CARRIER POWER «168,40 DBY «0,90 Un 2,78 mn 12415419
204 168,40 DBM 0,90 ng =0,70 NB
21 PERFORMANCE MARGIN 24,20 DB 6,20 "B -4.70 D8 144204
CARRIER PERFOR¥ANCE-
DATA DETECTION
22 THRESHOLD SNR IN 2810 12.00 0B 0.00 DB 0.00 D8
23 THRESHOLD CARRIER PQWER ~158,40 NBM «0.90 N8B 0.70 b8 12415422
23a 158,40 ngM 0,90 DR «0.70 0B
24 PERFORMANCE MARGIN 14,20 9B 6,20 DB -4,70 08 144234
DATA CHANNEL &
25 rODULATION LOSS -1.10 D8 0,30 D@ =0,50 DB
26 RECEIVED DATA SURCARRIER POWER «138.90 DBM 4,40 DB =3.10 DB 11425
27 81T RATE (R=1/T) 21.80 N8 0,00 Dy 0.00 DB
28 REQUIREN ST/V/3 6.70 DB «0.30 OR 0.50 N
29 THRESHOLD SU3CARRIER POWER =152,70 DBM #1,20 DB 1.20 DB 1242728
294 152,70 Dam 1,20 DB -1,20 ng
30 PERFORMANCE “AGiN 13,80 DB 5.60 DR 4,30 DB 264294
SYNC CHANNEL &
31 MODULATION LOSS -1.10 0B 0.30 OB =0.50 0B
32 RECEIVER SYNC SUBCARRIFR POWFR ~138.90 DBM 4,40 DB 3,10 0B 11431
33 SYNC APC NOISE 8w (28L0 = 5,00) 7.00 DB »0.50 N 0.00 nB
34 THRESHNLD SNR IN 2310 20.00 D8 0.00 DR 0.00 NB
35 THRESKNLD SUBCARRIER POWER ~154,20 @A™ ~1.40 08 @,70 0B 12433434
354 154,20 nNpv 1.40 0B «0,70 DB
36 PERFNRMANCE “ARGIN 15.30 N8 5.8n DB «3.80 N8 32¢35a
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Table A-14. Telecommunication Design Control Table

TRANSMISSION MODE = & WATT HIGH GAIN
CHANNEL - 180 8ps
'RECEPTION MODE . 210 FY

TOLERANCES
NO PARAMETER VALUE FAVORABLE ADVERSE SOURCE
1 TOTAL TRANSMITTER POWER 37.80 ngM 0,80 08 »1,00 DB
2 TRANSMITTING CIRCUIT LOSS -2,20 D 0,59 na -0,%0 NB
3 TRANSMITTING ANTENNA GAN 34,80 DB 0,30 np «0,60 DA
L] TRANSMITTING ANTENNA POINTING LOSS «1,30 nB 1,30 ng 0.00 ng
%, SPACE (0SS 259,70 DB 0,00 D8 0,00 ng
' FMCs  2,2950000€ 03 MC Rs 1,0000000E 0A KM
6 POLARIZATION LOSS *0.10 DB 0.1n 0B 0.00 98
’ RECEIVING ANTENNA GaAIN 61,00 NB 1.00 OR «1,00 D8
L] RECEIVING ANTEVNA POINTING LOSS «0.30 ng 0.30 ng 0.00 nB
9 RECEIVING CIRCJUIT LOSS 0,00 Ny 2,00 DB 0.00 vB
10 NET CIRCUIT LODSS -167,80 0B 3,50 DA «2,10 N8 243444546
074849
11 TOTAL RECEIVED POWER «130.00 DBM 4,30 08 3,10 DB 1+10
12 RECEIVER NOISE SPECTRAL DENSITY 182,10 NBM -1.10 DR 0,%0 ng
(N/B)
T SYSTEM = 43,00
13 CARRIER MODULATION LOSS «6,40 08 1.20 N8 «1.40 DB
14 RECEIVED CARRJER POWER «136,40 DAY 5.50 D8 -4.50 NB 11413
1% CARRIER APC NOISF 8w (2BL0 s 12,00) 10.80 N8 0.00 DB 0.00 n@
CARR1ER PERFORMANCE-
TRACKING(ONE-#AY)
16 THRESHOLN SNA [N 28L0 0.00 DB 0.00 N8 0.90 DB
1y THRESHOLN CARRIER POWER «171,30 ngm «1,10 ng 0,90 nB 12+15¢18
174 171,30 DBM 1,10 0B -0,90 DB
18 PERFORMANCE ¥ARGIN 34.90 N8 6.60 DA -5.40 DB 14174
CARRIER PERFIRMANCE-
TRACKING (TWO=NAY)
19 THRESHOLD SNR IN 280 2.00 D8 0,00 DB 0.00 DB
20 THRESHOLD CARRIER POWER =169.30 DBM «1.10 DB 0,90 N8 1215419
204 169,30 npM 1.10 DB «0.90 NG
21 PERFORMANCE MARGIN 32,90 np 6.60 DA -5,40 NB 144204
CARRIER PERFORMANCE-
DATA DETECTIOV
22 THRESHOLD SNR IN 2dL0 12.00 DB 0.00 Dg 0.00 D8
23 THRESHOLD CARRTER POMWER ~159.30 NBM *1.10 DR 0.90 N8 12015422
23 159,30 ngM 1,10 ng «0.90 0B
24 PERFORMANCE “AGIN 22.90 D8 6.60 DB -5.40 0B T140234
DATA CHANNEL &
25 MODULATION 0SS «1.10 DB 0.30 DB «0.50 DB
26 RECEIVED DATA SURCARRIER POWER «131.10 DBM 4.60 DB -3.60 DB 11425
27 BIT RATE (R3l/Ty 21,80 ne 0.00 ny 0,00 DB
28 REQUTRED $T/N/3 6,70 DB «0.30 DB 0,50 he
2¢ THRESHOLD SUBCARRI1ER POWER -153.60 NAM «3.40 Ny 1.40 N8 12427428
294 153.60 paM 1,40 ng -1.,40 ng
30 PERFORMANCE “ARGIN 22.%0 08 6,00 DB =5.00 N8 260294
SYNC CHANNEL &
31 MODULATION LNSS «1.10 NB 0.30 DB «0,50 N
32 RECETVER SYNC SUSCARRIFR POWER -131.10 D8M 4.60 DB =3.,60 B 11e31
33 SYNC APC NOISE 8¢ (2RLA 2 5,00) 7.00 N8 -0.50 ng 0,00 DB
34 THRESHALD SN® IN 28(0 20.00 NB 0.00 DB 0,00 D8
38 THRESHOLD SUHCARRIER POKER «155.10 DBM «1.60 Dp 0,90 DB 123334
354 155,10 DAM 1,640 g -0.%0 DB
36 PERFORMANCE MAIGIN 24,00 DR 6.20 np «4,50 DB 324354
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Table A-15. Telecommunication Design Control Table
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Table A-16, Telecommunication Design Control Table
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Table A-17. Telecommunication Design Control Table
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Table A-18. Telecommunication Design Control Table
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VOY-D-310

Table A-20, Telecommunication Design Control Table

TRANSMISSION MODE ~ 50 WATT MANEUVER

CHANNEL - 7,5 39S
RECEPTION MODE - A5 FV
TULERANCES
NO PARAMETER VALUE FAVORARLE ADVERSE SOURCE
1 TOTAL TRANSMITTER PQWER 47,00 DRM 0.20 nB «0,50 DA
2 TRANSMITTING CIRCUIT LOSS -2,10 DB 0,40 B «0.40 08B
3 TRANSMITTING ANTENVA GAIN 6.50 DR 0,09 8 «0.50 DB
4 TRANSMITTING ANTENVA POINTING LO3S c,on na 0,00 ng 0.00 pB
5, SPACE LOSS -259,70 0B 0,00 DB 0,00 DB
' FMC=  2.2957000E 03 MC R  1,0000000E 08 XM
3 POLARIZATION LI5S -C.20 DB 0.20 °B 0.00 D&
7 RECEIVING ANTEVNA SAIN 53.00 DB 1,00 PP «0,50 DB
8 RECEIVING ANTEVNA POINTING LOSS =G,10 DB 0.10 MR 0,00 D8
9 RECEIVING CIRCJIT .0SS ¢,00 DB 0,00 Mg 0,00 DR
10 NET C1RCUIT L03S ~202,60 D8 1.70 DB -1,40 0B 2+3¢44546
7849
11 TOTaL RECEIVED POWER ~155,60 DBM 1,90 0B »1,90 DB 1+10
12 RECEIVER NOISE SPECTRAL DENSITY -181.20 NBM -0,90 N8 0.70 DB
(N/8)
T SYSTEm 1 55.0C
13 CARRIER MODULATION 0SS -4,10 DB 0.70 DB -0.80 08
14 RECEIVFD CARRIER POAER -159.70 DBM 2,69 NB «2.70 N8 11413
15 CARRTER APC VOISE d4 (?BLO = 5,°0) 7.00 N8 0,00 N8 0.00 DB
CARRIER PERFIRMANCE-
TRACKING (INE=4AY)
16 THRESHOLD SN IN 28L0 G.o0 D8 0.00 08 0.00 DB
17 THRESHOLD CAIRIER POWER -174.20 DeM -0,90 DE 0,70 DB 12¢15¢16
174 174,20 D™ 0.90 Ny «0,70 DB
18 PERFORMANCE “AGIN 14,50 DB 3.50 Dy ~3,40 DB 149874
CARRIER PERFIRMANCE-
TRACKING(TWN-wAY)
19 THRESHOLD SN< IN 23L0 2.c0 DB 0.00 UB 6,00 N8
20 THRESHOLD CARRIER P0ER -172.20 DB™ -0,90 Di 0,70 DB 12415419
204 172,20 DBM 0,90 DR #0,70 NB
21 PERFORMANCE YARGIN 12.50 DR 3,50 NB -3.40 DB 144204
CARRIER PERFORMANCE«
DATA DETECTION
22 THRESHOLD SNR IN 2600 7.00 D8 0.00 DB 0,00 DB
23 THRESHOLD CAIRIER POWER -167.20 DBM «0.99 Ny 0,70 08 12+15+22
234 167,20 D8M 0,90 DA -0,70 DB
24 PERFCRMANCE “ARGIN 7.50 DB 3.50 Ny «3,40 DB 144232
DATA CHANNEL A
25 MODULATION LSS «2.39 N8 0.60 DH «0,40 08
26 RECEIVED DATA SUHCARRIER POWER -157.90 DBM 2.50 DH -2.30 "R 11425
27 81T RATE (Rsl/T) 8.80 DB 0,00 ng 0,00 nB
28 REQUIRED ST/N/3 6,90 0B «0.30 Ny 0,50 DB
29 THRESHOLD SUBCARRIER PNWER ~165.50 NgM =1,20 M8 1.20 NB 12427428
294 165,50 DRAM 1,20 g «1,20 DB
30 PERFORMANCE MARGIN 7.60 DB 3.70 "8 ~3.50 0B 264294
SYNC CHAMNEL &
31 MODYLATION LOSS -2,30 DB 0,60 N8 «0,40 D8
32 RECETVER SYNC SUACARWIFR POWER -157.90 DBM 2,50 N3 «2.30 08B 11431
33 SYNGC APC NOISE BW (2BL0 = 0,50) «3.00 DB «0.50 0@ 0,00 DB
34 THRESKHNLD SNR IN 2BLN 17,00 OB 0.0n 08 0,00 DB
35 THRESHOLD SUBCARRIER POWER -167,20 DEM -1.40 °B 0.70 DB 12433034
354 167,20 DBM 1,40 D8 «0,70 DB
36 PERFORMANCE MARGIN 9.30 DB 3.90 08 -3,00 DB 324354
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Table A-21., Telecommunication Design Control Table

TRANSMISSION MODE = 50 WATT MANEUVER
CHANNEL - 7,5 BPS

‘RECEPTION MODE = 218 F1

TOLERANCES
NO PARAMETER VALUE FAVORABLE ADVERSE SOURCE
b TOTAL TRANSMITTER POWER 47,00 DBM 0,20 08 0,50 DB
? TRANSMITTING CIRCUIT LOSS -2.10 DB 0,40 D8 «0,40 D8
3 TRANSMITTING ANTENVA GAIN 6.50 DB 0,00 op »0,50 DB
4 TRANSMITTING ANTENMA POINTING LCSS 0,00 DB 0,00 D3 0,00 D8
S, SPACE LOSS -2%9.70 DB 0,00 DR 0,80 DB
' FMC:  2,2950000€ 03 MC Rz 1,0000000E 08 K
L} POLARJZATION LOSS «0,20 DB 0.20 DB 0.00 DB
? RECEIVING ANTENNA GAIN 61,00 DB 1.00 08 1,00 DB
8 RECEIVING ANTENNA PQINTING LOSS «0.30 DB 0,30 Dg 0,00 DB
] RECEIVING CIRCUIT LOSS 0,00 8 0,00 D3 0.00 DB
10 NET CIRCUIT LOSS «194,80 DB 1.90 0B «1,90 DB 243640540
7089
11 TOTAL RECEIVED POWER =147.,80 DRM 2,10 OB «2,40 DB 110
12 RECEIVER NOISE SPECTRAL DENSITY -182,10 DB -1,10 DB 0,90 0B
(N/R)
T SYSTEM &= 45,00
13 CARRIER MODULATION LOSS -4,10 D8 0.70 "8 «0,80 Db
14 RECEIVFD CARRIER POWER «151.90 DBM 2.80 N8 3,20 N8 11413
15 CARRIER APC NOISE By (28LO = 5,00) 7.00 DB 0.00 74 0,0¢ DB
CARRIER PERFORMANCE-
TRACKING(ONE-WAY)
18 THRESHOLD SNR IN 2HLO 0.00 DR 0.00 03 0.00 D8
17 THRESHOLD CARRIER POWER ~175.10 DgM =1.10 58 0,90 ng 1201516
174 175.10 DBM 1,10 o8 «0,90 Dy
18 PERFORMANCE MARGIN 23.20 DB 3.%0 N8 -4.10 0B 146174
CARRIER PERFORMANCE-
TRACKING{ TWO-4AY )
19 THRESHOLD SNR 1N 25L0 2.00 DB 0.00 P8 0.00 OB
20 THRESHOLD CARRIER PORWER 173,10 DHM -1.10 D8 0,90 DB 12415419
204 173.10 DAM 1.16 ng =0,90 DB
1 PERFORMANCE “A3GIN 21.20 OB 3.90 DR 4,10 DB 140204
CARRIER PERFIRMANCE-
DATA NETECTICM
22 THRESHOLD SNR IN 28LO 7,00 DB g.00 N8 0.00 DB
23 THRESHOLD CARRIER POWER ~168.10 DBM *1.10 08 0,90 08 12015422
2% 168,10 DRM 1,10 0B -0,90 DB
24 PERFORMANCE MARGIN 16.20 M8 3.90 0B «4,10 DB 144234
DATA CHANNEL A
2% MODULATION LDSS -2.30 DA 0.60 D8 -0.40 Dy
26 RECETVED DATA SURCARRIER POWFR =150.40 DRM 2.70 08 ~2.80 DB 11425
27 BLT RATE (Rut/7) 4.80 DR 0.00 NQ 0,00 0B
28 REQUIRED ST/N/3 6.90 DB «0.30 DA 0.50 DB
29 THRESHOLD SUHCARRIER POWER =166.40 DBM «1.40 D8 1,40 DB 12427428
294 166,40 DaM 1.40 ng 1,40 DB
30 PERFORMANCE MARGIN 16,30 0B 4.10 NB *4,20 DB 260294
SYNC CHANNEL &
31 MODULATION LOSS -2.30 08 0,60 0B «0.40 DB
32 RECEIVER SYNC SURCARRIER POWER =150.10 DBM 2.70 DB «2,80 DO 11e31
33 SYNC APC NOISE Bw (2aLNH = 0,50) «3.00 ng «0.50 ng 0,00 nB
34 THRESHALD SNR IN 2810 17,00 DB 0,00 DB 0.00 N8
35 THRESHNALD SUMCARRIER POWER =168.10 DBM 1,60 DY 0.90 DB 12e33¢34
3I5A 168.10 DBM 1,60 0B «0,90 DA
36 PLRFOKMANCE MARGIN 18.00 DB 4.30 nB -3.70 DB 324354
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Table A-22, Telecommunication Design Control Table

TRANSMISSION MODE - DSIF 71

CHANNEL - 1 SBPS
RECEPTION MODE - PARASITIC
TOLERANCES
NO PARAMETER VALUE FAVORABLE ADVERSE SOURCE
1 TOTAL TRANSMITTER POWER 37.00 DBM 0.50 DB 0.00 DB
2 TRANSKITTING CIRCUTT LOSS 0.00 DB 0.00 DB 0.00 0B
3 TRANSMITTING ANTENNA GAIN 24,00 DB 1,00 DB -1,00 DB
. TRANSMITTING ANTENNA POINTING LOSS -4.50 DB 4,50 DB 0.00 DB
5, SPACE LOSS -159.00 DB 0,00 DB 0,00 DB
* FMC=  2.1150000€ N3 MC R 1,0000000E 03 KM
[ POLARJZATION LOSS ~3.00 08 0.00 DB 0.00 DB
7 RECEIVING ANTENNA 3AIN 0.00 DB ¢.00 DB 0.00 DB
8 RECEIVING ANTENNA POINTING LOSS 0.00 DB 0.00 DB 0.00 DB
9 RECEIVING CIRCUIT LOSS -22,50 0B 0.70 DB ~0,70 DB ' -
10 NET CIRCUIT LOSS -165.00 DB 6.20 DB -1,70 DB 2¢3440546
«74849
11 TOTAL RECEIVED POWER -128.00 DBM 6.70 DB -1.70 DB 1410
12 RECEIVER NOISE SPESTRAL DENSITY ~166.20 DBM -1.10 DB 1.10 DB
(N/B)
T SYSTEM = 1750.00
13 CARRIER MODULATION (0SS -0.90 DB 0.00 DB -0.10 DB
14 PECETVED CARRIER PIWER ~128.90 DBM 6.70 DB -1.80 DB 11413
15 FARRIER APC NOISE RW (2BL0 = 20,90) 13,00 DB -0,20 DB 0,20 08
CARRIER PERFORMANCE -
TRACKINGIONE-WAY)
16 THRESHOLD SNR IN 28L0 ¢.00 D8 0.00 0B 0.00 DB
17 THRESHOLD CARRIER POWER -153.20 DBM -1.30 DB 1,30 DB 12415416
174 153.20 08N 1.30 08 -1.30 D8
18 PERFORMANCE MARGIN 24.30 DB 8.00 DB -3.10 08 144174
CARRIER PERFORMANCE-
TRACKING(TWCO-WAY)
19 THRESHOLD SNR IN 28LOD 3.80 DB 0.00 DB 0.00 DB
20 THRESHOLD CARRIER POWER -149.40 DBM -1.30 D8 1.30 DB 12415419
204 149,40 DBH 1,30 DB -1.30 98
21 PERFORMANCE MARGIN 20.50 DB 8.00 DB -3.10 08 144204
CARRIER PERFORMANCE -
DATA DETECTION
22 THRESHOLD SNR IN 2910 8.50 0B 0.00 DB 1.00 DB
23 THRESHOLD CARRIER POWER -144.70 DBM -1.30 DB 2.30 DB 12415422
234 144,70 DBM 1.30 08 -2,30 0B
24 PERFORMANCE MARGIN 15.80 DB 8.00 DB -4.10 0B 144234
DATA CHANNEL &
25 MODULATION LOSS ~12.00 DB 0.30 DB -0.40 DB
26 RECEIVED DATA SUBCARRIER POWER ~140.00 DBM 7.00 DB -2.10 0B 11425
27 BIT RATE (R=1/T) 0,00 ng 0,00 DB 0,00 DB
28 REQUIRED ST/N/B 11.30 OB 0.00 DB 0.00 D8
29 THRESHOLD SUBCARRIER POWER ~154.90 DBM -1.10 DB 1.10 DB 12427428
29a 154,90 DBM 1,10 08 -1,10 D8
30 PERFORMANCE MARGIN 14.90 08 8.10 DB -3.20 DB 264294
SYNC CHANNEL &
31 MODULATION LOSS -12.00 DB 0,30 DB -0.40 0B
32 RECEIVFR SYNC SUBCARRIER POWER -140.00 DBM 7.00 DB -2.10 DB 11431
33 SYNC APC NOISE BW (2gL0 = 0,40) -4.00 DB -0.80 bB 0.80 DB
34 THRESHOLD SNR IN 23L0 14.50 DB 0.00 DB 0.00 D8
35 THRESNOLD SUBCARRIER POMWER ~155.70 DBM -1.90 DB 1.90 08 12433434
354 155,70 DBM 1,90 DB -1,90 08
36 PERFORMANCE MARGIN 15.70 DB 8.90 08 -4,00 DB 324354
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Table A-23, Telecommunication Design Control Table

TRANSMISSION MODE - DSIF 72

CHANNEL - 1 S@PS
QECEPTIDN MODE - PARASITIC
TOLERANCES
NO PARAMETER VALUE FAVORABLE ADVERSE SOURCE
1 TOTAL TRANSMITTER POWER 70.00 DBM 0.50 0P 0.00 DB
2 TRANSMITTING CIRCUIT LOSS 0.00 DB 0,00 DB 0,00 DB
3 TRANSMITTING ANTENNA GAIN 42,00 08 0,50 DB -0,50 DB
[} TRANSMITTING ANTENNA POINTING LOSS 0.00 DB 0.00 DB 0.00 DB
5. SPACE LOSS ~159,00 DB 0,00 DB 0,00 DB
FMCs  2.1150000E 03 MC Rx 1,0000000E 03 KM
8 POLARIZATION LOSS 0.00 DB 0.00 DB 0.00 DB
7 RECEIVING ANTENNA GAIN 0.00 DB 0.00 DB 0.00 DB
s RECEIVING ANTENNA POTNTING LOSS 0.00 08 0,00 DB 0.00 DB
° RECEIVING CIRCUIT LOSS -22.50 DB 0.70 DB -0.70 DB
10 NET CIRCUIT LOSS -139.50 DB 1.20 DO -1.20 DB 203444546
74849
11 TOTAL RECEIVED POWER -69.50 DBM 1.70 DB -1.20 D8 1410
12 RECETVER NOISE SPECTRAL DENSITY -166.20 DBM -1.10 DB 1.10 08
(N/B)
T SYSTEM = 1750.00
13 CARRIER MODULATION LOSS -0.90 DB 0.00 D8 -0.10 DB
14 RECEIVED CARRIER POWER ~70.40 DBM 1.70 DB -1.30 D8 1113
15 CARRIER APC NOISE RW (2BLO = 20,00) 13,00 pe -0.20 pp 0,20 pB
CARRIER PERFORMANCE-
TRACK ING(ONE-WAY)
18 THRESHOLD SNR IN 28L0O 0.00 DB 0.00 DB 0.00 DB
17 THRESHOLD CARRIER POWER «153.20 DBM -1.30 DB 1.30 DB 12415416
174 153.20 DBM 1.30 DB -1.30 DB
18 PERF ORMANCE MARGIN 62.80 DB 3.00 DB -2.60 D8 144174
CARRIER PERFORMANCE-
TRACK ING(TXO-WAY)
19 THRESHOLD SNR IN 2RLO 3.80 DB 0.00 DB 0.00 DB
20 THRESHOLD CARRIER POWER -149,40 DBM -1,30 0B 1.30 b8 12415419
204 149.40 DBM 1.30 DB -1.30 D8
21 PERF ORMANCE MARGIN 79.00 D8 3.00 DB -2.60 DB 140204
CARRIER PERFORMANCE-
DATA DETECTION
22 THRESHOLD SNR IN 28L0 8.50 DB 0.00 DB 1.00 DB
23 THRESHOLD CARRIER POWER ~144.70 DBM -1.30 09 2.30 DB 12+15+22
23a 144,70 DBM 1,30 pB -2,30 oa
24 PERFORMANCE MARGIN 74.30 DB 3.00 DB ~3.60 DB 144232
DATA CHANNEL A
25 MODYLATION LOSS -12.00 DB 0.30 08 ~0.40 DB
26 RECEIVED DATA SUBCARRIER POWER -81.50 DBNM 2.00 D8 -1.60 DB 1125
27 BIT RATE (Rz1/T) 0,00 DB 0,00 pp 0,00 pg
28 REQUIRED ST/N/R 11.30 0B 0.00 DB 0.00 DB
29 THRESHOLD SUBCARRIER POWER -154.90 DBM -1.10 0B 1.10 DB 12427428
29 134,90 DBM 1,10 p8 ~1.10 08
30 PERFORMANCE MARGIN 73.40 DB 3.10 DB -2.70 08B 264294
SYNC CHANNEL &
3 MODULATION LDSS «12.00 DB 0.30 DO -0.40 DB
32 RECEIVER SYNC SUBCARRIER POWFR «81.50 DBM 2.00 DB -«1,60 DB 1131
33 SYNC APC NOISE 8W (2BLD = 0,40) -4,00 DB ~0,80 DB 0,80 0B
34 THRESHOLD SNR IN 28L0 14,50 DB 0.00 DB 0.00 DB
35 THRESHOLD SUBCARRIER POWER -155.70 DBM -1.%90 DB 1.90 DB 12433434
354 155,70 DBM 1.90 08 -1.90 DB
36 PERF ORMANCE MARGIN 74.20 DB 3.90 DB -3.%50 DB 322354
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Table A-24. Telecommunication Design Control Table

TRANSMISS1ON MODE - ACOUISITION

CHANNEL - 1 SpPS
RECEPTION MODE - PARASITIC
NQ PARAMETER
1 TOTAL TRANSMITTER POWER
2 TRANSMITTING CIRCUIT LOSS
3 TRANSHITTING ANTENNA GAIN
4 TRANSMITYING ANTENNA POINTING LD
S, SPACE LOSS
' FMC=  2.1150000E 03 MC Rz
6 POLARIZATION LOSS
7 RECEIVING ANTENNA GAIN
8 RECEIVING ANTENNA POINTING LOSS
9 RECEIVING CIRCUIT L0OSS
10 NET CIRCUIT LOSS
11 TOTAL RECEIVED POWER
p¥3 RECEIVER NDISE SPECTRAL DENSITY
(N/B)
Y SYSTEM = 1750.00
13 CARRIER MODULATION (0SS
14 RECEIVED CARRIER POWER
15 CARRIER aPC NOISE AW (2BLD = 20,
CARRIER PERFORMANCE-
TRACK ING(ONE-HAY)
14 THRESHOLD SNR IN 26L0
17 THRESHOLD CARRIER POWER
174
18 PERFORMANCE MARGIN
CARRIER PERFORMANCE-
TRACKING{TWO-HAY)
19 THRESHOLD SNR IN 28LO
20 THRESHOLD CARRIER POWER
204
21 PERFORMANCE MARGIN
CARRIER PERFORMANCE-
DATA DETECTION
22 THRESHOLD SNR [N 28L0
23 THRESHOLD CARRIER POWER
23a
24 PERFORMANCE MARGIN
DATA CHANNEL &
25 MODULATION LOSS
26 RECEIVED DATA SUBCARRIER POWER
27 BIT RATE (R=1/T)
28 REQUIRED ST/N/B
29 THRESHOLD SUBCARRIER POWER
294
30 PERFORMANCE MARGIN
SYNC CHANNEL A
31 MODULATION LOSS
32 RECEIVER SYNC SUBCARRIER POWER
33 SYNC APC NOISE BW (28LO0 = N, 40)
34 THRFSHOLN SNR IN 2RLO
35 THRESHOLD SURCARRIFR POWER
354
36 PERFORMANCE MARGIN

SS

1.0000000€ 03 KM

00)

VALUE

70.00
0.00
19.10
0,00

-159.00

0.00
0.00
0.00
-22.,50

~162.40

~92.40

~166.20

-0.90
-93.30
13,00

3.80
-149,40
149,40

56.10

8.50
-144,70
144,70

51.40

=12.00
=104.40
0,00
11.30
-154.90
154.90
50.50

~12.00
-104.40

-4.00

-155.70
155,70

51.30

A-59

0B
DBM
ol
0B
nem
DBM

08

TOLERANCES
FAVORABLE ADVERSE SOURCE
0.50 DB 0.00 DB
0.00 DB 0.00 DB
1,00 DB -1,00 08
0,00 DB 0.00 D8 T
0,00 DB 0.00 08B
0.00 DB 0.00 DB :
0.00 DB 0.00 DB
0.00 DB 0.00 08
0,70 D8 <0720 D8 7T
1.70 D8 «1.70 DB 203044546
476849
2.20 DB ~1.70 DB 1«10
-1.10 DB 1.10 DB
0.00 DB -0.10 DB
2.20 D8 -1.80 08 11413
-0,20 DB 0,20 pg
0.00 DB 0.00 DB
-1,30 08 1.30 pB 12415414
1.30 DB -1.30 DB
3.50 DB -3.10 DB 144172
0.00 DB 0.00 DB
-1.30 D8 1.30 D8 12415419
1.30 o8 -1.30 D8
3.50 DB -3.10 DB 144204
0.00 DB 1.00 DB
-1.30 DB 2.30 DB 12415422
1.30 DB -2.30 DB
3.50 D8 -4.10 DB 144234
0.30 DB ~0.40 DB
2.50 08 ~2.10 D8 11425
0.00 DB 0,00 08
0.00 D8 0.00 D8
-1.10 D8 1.10 08 12427428
1.10 D8 ~1.10 D8
3.60 D8 -3.20 0B 264294
0.30 DB -0.40 D8
2.50 D8 ~2.10 D8 1131
-0,80 DB 0.80 DB
0.00 0B 0.00 D8
-1.90 DB 1.90 DB 12433434
1,90 B -1,90 D8
4.40 DB -4.00 DB 324354




CHANNEL -1 58PS
RECEPTION MODE - BROAN COVERAGE
NO PARAMETER
1 TOTAL TRANSMITTER POWER
F] TRANSMITTING CIRCUIT LOSS
3 TRANSMITTING ANTENNA GAIN
N TRANSMITTING ANTENNA POINTING LOSS
LN SPACE LOSS
' FMC®  2,.1150000E 03 MC Ra  1,0000000€ 03
6 POLARIZATION LOSS
7 RECEIVING ANTENNA GAIN
[] RECEIVING ANTENNA POINTING LOSS
9 RECEIVING CIRCUIT LOSS
10 NET CIRCUIT LOSS
11 TOVAL RECEIVED POWER -
12 RECEIVER NOISE SPECTRAL DENSITY
(N/B)
T SYSTEM = 1750.00
13 CARRIER MODULATION LOSS
14 RECEIVED CARRIER POWER
13 CARRIER APC NDISE AW (2BLO ¢ 20,00)
CARRIER PERFORMANCE-
TRACK ING(ONE-HAY)
16 THRESHOLD SNR IN 2RLO
17 THRESHOLD CARRIER PONWER
174
18 PERFORMANCE MARGIN
CARRIER PERFORMANCE -
TRACKING(TWO-WAY)
19 THRESHOLD SNR IN 2BLO
20 THRESHOLD CARRIER POWER
204
21 PERF ORMANCE MARGIN
CARRIER PERFORMANCE-
DATA DETECTION
22 THRESHOLD SNR IN 2BLO
23 THRESHOLD CARRIER POWER
23
24 PERF ORMANCE MARGIN
DATA CHANNEL &
2% MODYLATION LOSS
26 RECEIVED DATA SUBCARRIFR POWER
27 817 RATE (R3i/T)
28 REQUIRED ST/N/B
29 THRESHOLD SUBCARRIER POWER
294
30 PERFORMANCE MARGIN
SYNC CHANNE[ A
3 MODULATION LOSS
32 RECEIVER SYNC SUBCARRIER POWFR
33 SYNC APC NOISE BW (2BLO » 0,40)
3 THRESHOLD SNR IN 2BLO
38 TMRESHOLD SUBCARRIER POWER
354
38 PERFORMANCE MARGIN

VOY-D-310

Table A-25. Telecommunication Design Control Table

TRANSMISSION MODE - ACQUISITION

VALUE

70.00

0.00

19.10

0,00
-159.00

KM

=0.10

=0.50

0.00

-2.30

~142,80

-72.80

~166.20

-0.90
-73.70

13,00

0.00
-153.20
153.20
79.50

3.80
=149.40
149.40

75.70

8.50
-144.70
144,70

71.00

-12.00

-84,80

11.30
-15%4.90
154,90

70,10

-12.00
-84.680
-4,00
14.%0
~1%5%.70
155.7¢0
70.9%0

0BM
be
08
ns
0B

DB
bl

08
DBM

0BM

DBM

o8
DM
LLL]

0B

DBM

A-60

TOLERANCES
FAVORABLE ADVERSE SOURCE
0.50 DB 6.00 DB
0.00 D8 0.00 DB
1.00 DB -1.00 DB
0.00 DB 0.00 DB
0.00 DB 0.00 DB
0.10 DB -0.10 DB
0.50 D8 -1,00 08B
0.00 p8 0.00 DA
0.70 DB -0,70 DB
2.30 DB -2.80 DB 243044546
474849
2.80 DB -2.80 DB 1410
-1.10 D8 1.10 DB
0.00 DB -0.10 D8
2.80 DB -2.90 DB 11413
~0,20 D8 0.20 DB
0.00 DB 0.00 DB
-1.30 DB 1.30 D8 12415416
1.30 DB -1.30 D8
4.10 DB -4.20 DB 144172
0.00 DB 0.00 D8
-1,30 DB 1.30 0B 1215419
1.30 DB -1.30 DB
4.10 DB -4.20 DB 146204
0.00 D8 1.00 0B
-1.30 DB 2.30 08 12015422
1.30 D8 -2.30 08
4.10 DB -5.20 DB 144234
0.30 DB -0.40 DB
3.10 DB -3.20 08 11425
0,00 0B 0.00 0B
0.00 DB 0.00 DB
=1.10 0B t1.10 0B 1242728
1.10 08 ~1,10 08
4.20 DB -4.30 D8 264294
0.30 DB -0.40 DB
3.10 D8 -3.20 D8 1401
-0.80 DB 0.80 D8
0.00 DB 0.00 N8B
-1.90 DB 1.90 D8 12433434
1.90 0B -1.90 DB
5.00 DB ~%.10 0B 324354



VOY-

D-310

Table A-26. Telecommunication Design Control Table

TRANSMISSION MODE - 85 FY/ 25 KW

CHANNEL - 1 SBPS
RECEPTION MODE - BROAD COVERAGE
NO PARAMETER

1 TOTAL TRANSMITTER POWER
2 TRANSMITTING CIRCUIT LOSS

3 TRANSMITTING ANTENNA GAIN

4 TRANSMITTING ANTENNA POINTING LOSS

5 SPACE LOSS
' FMCs  2.1150000E 03 MC
& POLARIZATION LOSS

7 RECEIVING ANTENNA GAIN
3 RECEIVING ANTENNA PQINTING
9 RECEIVING CIRCUIT LOSS

10 NET CIRCUIT LOSS

11 TOTAL RECEIVED POWER -

R= 1,0000000E 08

Loss

12 RECEIVER NOISE SPECTRAL DENSITY

(N/B)
T SYSTEM = 1750.00

13 CARRIER MODULATION LOSS

14 RECEIVED CARRIER POWER

15 CARRIER APC NOISE RW (2BLO
CARRIER PERFORMANCE~
TRACK ING(ONE-WAY)

16 THRESHOLD SNR IN 2ALO

17 THRESHOLD CARRIER PDWER

17a

18 PERFORMANCE MARGIN
CARRIER PERFORMANCE-
TRACKING(TWO-KAY)

19 THRESHOLD SNR IN 28L0

20 THRESHOLD CARRIER POWER

204

21 PERFORMANCE MARGIN
CARRIER PERFORMANCE~
DATA DETECTION

22 THRESHOLD SNR IN 2RLO

23 THRESHOLD CARRIER POWER

23

24 PERFORMANCE MARGIN

DATA CHANNEL A

25 MODULATION LOSS

= 20.00)

26 RECEIVED DATA SUBCARRIER POWER

27 BIT RATE (R=z1/T)

28 REQUIRED ST/N/B

29 THRESHOLD SUBCARRIER POWER
294

30 PERFORMANCE MARGIN

SYNC CHANNEL A

31 MODULATION LOSS

32 RECEIVER SYNC SUBCARRIER POWER

33 SYNC APC NOISE BW (28L0 =
34 THRESHOLD SNR IN 28LD

35 THRESHOLD SUBCARRIER POWER
354

36 PERFORMANCE MARGIN

0,40)

VALUE

74,00
0.00
$1.00
-0,10
~259,00
KM

=0.10
-0.50
0.00
~2.30
-211.00

-137.00

~166.20

-0.90
~-137.90
13,00

0.00
~153.20
153.20

15,30

3.80
~149.40
149,40

11.50

8.50
-144.70
144,70

6.80

-12.00
~149.00
-4,00
14,50
~155.70
155.70

6.70

A~-61

DBM

bl:]

DB
DBM
DaM

oeM

DBM

DBM
0B

DBM
DeM

TOLERANCES
FAVORABLE ADVERSE SOURCE
0.50 DB 21 (20| B
0,00 DB 0.00 DB

1,00 pe <0,50 Dg

0.10 p@ [ XTI T B e
0,00 0B 0,00 D8

0.10 DB -0.10 068 o -
0.50 DB -1.00 DB

0,00 D8 0.00 DB

0,70 DB -0.70 DB o
2,40 DB -2,30 DB 243444546

+748+9

2.90 DB -2.30 DB 1410
-1.10 DB 1.10 D8

0.00 DB -0.10 DB -
2.90 DB -2.40 DB 1113

-0.20 0B 0.20 D8

0.00 DB 0.00 D8

-1.30 DB 1.30 0B 12415416

1.30 DB -1.30 08

4.20 DB -3.70 D8 144174

0.00 0B 0.00 DB

-1,30 DB 1.30 08 12415419

1.30 DB -1,30 0B

4.20 DB «3.70 DB 144204

0.00 DB 1.00 DB

-1.30 DB 2.30 DB 12415422

1,30 DB -2,30 DB . _ -
4.20 D8 -4.70 08 144234

0.30 DB -0.40 DB

3.20 DB -2.70 DB 11425

0,00 DB 0,00 08 ... _
0.00 DB 0.00 DB
-1.10 DB 1.10 08 12427428

1.10 DB -1,10 DB

4.30 DB -3.80 DB 264294

0.30 DB -0.40 DB

3.20 DB -2.70 0B 1131

-0.80 D@ 0.80 D8

0.00 0B 0.00 DB

-1.90 0B 1.90 08 12433434

1.90 DB -1,90 DB

5.10 DB -4.60 DB 324354



Table A-27,.

TRANSMISSION MODE - 85 FT/ 100 KW

CHANNEL - 1 SBPS
RECEPT1ON MODE - BROAD COVERAGE
ND PARAMFTER

1 TOTAL TRANSMITTER POWER

? TRANSMITTING CIRCUIT LOSS

3 TRANSMITTING ANTENNA GAIN

4 TRANSMITTING ANTENNA POINTING LOSS
L} SPACE LOSS

FMC= 2.1150000€ 03 MC
] POLARIZATJON LOSS

7 RECEIVING ANTENNA GAIN

VOY-D-310

Telecommunication Design Control Table

R: 1,0000000E 08 KM

] RECETVING ANTENNA POINTING LOSS

9 RECETVING CIRCUIT LOSS
10 NEY CIRCUIT LOSS
11 TOTAL RECEIVED POWFR

12 RECE!VER NOISE SPENTRAL DENSITY

(N/R)
T SYSTEM = 1750.00
13. CARRIER MONULATION LOSS
14 RECEIVED CARRIER POMWER
15 CARRIER APC NOISE nW (2BLO

CARRTER PERFORMANCF-
TRACKING(ONE-WAY)

18 THRESHOLD SNR IN 28LO
17 THRESHOLD CARRIER POWER
174

18 PERFORMANCE MARGIN

CARRIER PERFORMANCE-
TRACKING{TRO-WAY}

19 THRESHOLD SNR IN 2RL0
20 THRESHOLD CARRIER POWER
204

21 PERFORMANCE MARGIN

CARRIER PERFORMANCF -
NaTa DETECTION

22 THRESHOLD SNR IN 2RL0
23 THRESHOLD CARRIER POWER
?23a

24 PERFORMANCE MARGIN

DATA CHANNEL A

25 MODULATLION (0SS

= 20.00)

26 RECEIVED DATA SUBCARRIER POWER

27 BIT RATE (Rzi/T)
28 REQUIRED ST/N/B

29 THRESHOLD SUBCARRJER POWER
294
30 PERFORMANCE MARGIN

SYNC CHANNEL &

31 MODULATION LOSS

32 RECEIVER SYNC SUBCARRIER POWER

33 SYNC APC NOISE BW (2BLO =
34 THRESHOLD SNR IN 28L0

35 THRESHOLD SUBCARRIER POWER
354

36 PERFORMANCE MARGIN

0,40)

TOLERANCES
VALUE FAVORABLE AOVERSE SNURCE
80.00 DBM 0.50 DB 0.00 DB
0.00 DB 0,00 DB 0,00 DB
51.00 DB 1,00 DB -0,50 D8
-0.10 0B 0,10 DB 0,00 DB
259,00 DB 0.00 DB 0.00 0B
-0.10 DB 0.10 DB =0.10 0B
~0.50 DB 0.50 DB -1.00 DB
0.00 NB 0.00 D@ 0.00 DB
-2.30 DB 0,70 DB -0.70 DB
-211.00 nB 2.40 DB -2.30 DB 243044548
+74849
~131.00 DBM 2.90 DB -2.3%0 DB 1410
-166.20 DBM -1.,10 DB 1.10 DB
-0.90 D8 0.00 DB -0.10 0B
~131.90 NBeM 2.90 DB -2.40 DB 11+13
13,00 DB -0,20 DB 0,20 pB
0.00 DB 0.00 DB 0.00 DB
-153.20 DBM -1.30 DB 1.30 D8 12415416
153.20 DBM 1,30 DB -1.30 DB
21.30 DB 4.20 DB -3.70 DB 144174
3.80 DB 0.00 DB 0.00 D8
~149,40 DBM -1,30 08 1.30 D8 12415419
149,40 DBM 1.30 DB -1.30 08
17.50 D8 4.20 DB -3.70 DB 144204
8.50 DB 0.00 DB 1.00 DB
-144.70 DBM -1.30 DB 2.30 DB 12445027
144,70 DgM 1.30 DB -2.30 DB
12.80 DB 4,20 DB -4.70 0B 144234
-12.00 DB 0.30 DB -0.40 DB
~-143,00 DBM 3.20 DB «2.70 DB 11425
0.00 D8 ¢.00 DB 0.00 DB _
11.30 DB 0.00 DB 0.00 DB
«154.90 DM -1,10 DB 1.10 0B 12427428
154.90 DBM 1.10 o8B -1.10 DB
11.90 DB 4.30 DB -3.80 DB 264294
-12.00 D8 0.30 DB ~0.40 D8
+143.00 DBM 3.20 DB ~2.70 08 1131
~4,00 DB -0,80 DB 0.80 DB
14.50 D8 0.00 DB 0,00 OB
~155.70 DBM ~1.90 DB 1.90 DB 12+33+34
155,70 DBM 1.90 Dp -1,90 08
12.70 DB 5.10 DB -4.60 DB J2+35a
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Table A-28, Telecommunication Design Control Table

TRANSMISSION MODE ~ P10 FT/ 100 KW

CHANNEL - 1 sBPS

RECEPTION MODE

NO

10

11
12

16
17
174

18

19
20
204

21

22
23
23a

24

25
26
27
28
29
294

30

31
32
33
34
35
354
38

- RROAD COVERAGE

VOY-D-310

A-63

PARAMETER VALUE
TOTAL TRANSMITTER POMER 80.00 DEM
TRANSMITTING CIRCUIT LOSS ¢.00 DB
TRANSMITTING ANTENNA GAIN 60.00 DB
TRANSMITTING ANTENNA POINTING LOSS -0.20 DB
SPACE LOSS -259.00 D8
* FMCz  2,1150000F 13 MC Rz 1,0000000E 08 KM
POLARIZATION LOSS -0.10 DB
RECEIVING ANTENNA 54IN -0.50 DB
PECEIVING ANTENNA PDINTING LNSS 0.00 DB
RECEIVING CIRCUIT L0SS -2.30 DB
NET CIRCUIT LOSS -202.10 DB
ToTaL RECEIVED POWFR ~122.10 DBM
RECEIVER NDISE SPECTRAL DENSITY -166.20 DBM
(N/R)
T SYSTEM = 1750.00
CARRTER MODULATION {0SS -0.90 DB
RECEIVED CARRIER PNWFR -123.00 DBM
CARRIER APC NOISE fAw (2ALG = 20,00) 13.00 DB
CARRIER PERFORMANCE -
TRACKING{ONE-WAY)
THRESHOLD SNR IN 2RLD 0.00 DB
THRESHOLD CARRIER POWER -153.20 DBM
153.20 0BM
PERFORMANCE MARGIN 30.20 NB
CARRIER PERFORMANCF-
TRACKING( THO-HAY)
THRESHOLD SNR IN 2BLD 3.80 0B
THRESHOLD CARRIER POWER -149,40 DBM
149.40 DBM
PERFORMANCE MARGIN 26.40 DB
CARRIER PERFORMANCE-
DATA DETECTION
THRESHOLD SNR IN 2RLQ 8.50 DB
THRESHOLD CARRIER POWER -144.70 DBM
144,70 DBM
PERFORMANCE MARGIN 21.70 DB
DATA CHANNEL &
MODULATION LOSS -12.00 DB
RECEIVED DATA SUBCARRIER POWER ~134.10 DBM
BIT RATE (Rz1/T) 0.00 DB
REQUIRED ST/N/B 11.30 DB
THRESHOLD SUBCARRIER POWER -154.90 DBM
154,90 DM
PERFORMANCE MARGIN 20.80 DB
SYNC CHANNEL 4
MODUYLATION LOSS ~12.00 DB
RECEIVER SYNC SUBCARRIER POWER -134.10 DBM
SYNC APC NOISE 8W (2BLO = 0,40) -4,00 DB
THRESHOLD SNR IN 28L0 14.50 DB
THRESHOLD SUBCARRIFR POWER -155.70 DBM
155,70 DBM
PERFORMANCE MARGIN 21.60 DB

FAVORABLE

0.50

0.00

-1.10

-0.20

-1,30

0.00

-1.30

-1.30
1,30

0.00
0.00

-1.10

~0,80

~1.90
1.90

5.00

TOLERANCFS

0B
]
08
e
23]

1:]
o8

L]
e

D8
DB

D8
g

DB
-]
DB
D8

08
08
DB

L]
o8
of:]
e

DB
DB
o]
o8
DB
DB
[):]

DB
ne
DB
il ]

DB

o

-2.

-4,

1.
-1,

-4

ADVERSE
.00
.00
.80
.00

.00

-0
.00
.00
.70

.60

«60

.10

70

.00
.30

.30

30

30

.00

.40
<00
.00

18

.10

10

.40
.00
.80

.00

90
90
90

ne
ne
o8
oe

o8

08
08
o
0B

il:]

D8

0B

o

DB
DB

bl:]

08
ne

o}
DB
o8

D8

DB
bl:]
o]
08
DB

SNURCE

23444546
474849

1+10

11413

12+15+16

144174

12415410

144204

12415422

144238

11425

12427428

264294

11431

12633434

324354
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Table A-29. Telecommunication Design Control Table

TRANSMISSION MODE - 85 FT1/ 25 KW

CHANNEL -1 58PS
| RECEPTION MODE - MANEUVER
' TOLERANCES
NO PARAMETER VALUE FAVORABLE ADVERSE SOURCE
1 TOTAL TRANSMITTER POWER 74,00 DBM 0.50 0B 0.00 DB
! 2 TRANSMITTING CIRCUTT LOSS ©.00 D8 6.00 DB 0.00 DB
‘ 3 TRANSMITTING ANTENNA GAIN 51,00 0B 1.00 DB -0.50 DB
‘ TRANSMITTING ANTENNA POINTING LOSS -0,10 DB 0,10 0B 0.00 DB
5. SPACE LOSS -259.00 DB 0.00 DB 0.00 08
‘ * FMC:  2,1150000E P3 MC R: 1.0000000€ 08 KM
: 6 POLARIZATION LOSS -0.60 DB 0.60 DB -0.10 08
) 7 RECEIVING ANTENNA GAIN 4.00 DB 0.00 DB -1.00 08
‘ 8 RECEIVING ANTENNA POINTING LOSS 0.00 DA 0.00 DB 0.00 DB
) RECEIVING CIRCUIT LOSS -2.50 DB 0.80 DB -0.80 DB
10 NET CIRCUIT (0SS -207,20 DB 2,50 DB -2,40 DB 263444546
74849
11 TOTAL RECEIVED POWER ~133.20 DBM 3.00 DB -2.40 DB 110
12 RECEIVER NOISE SPECTRAL DENSITY -166.20 DBM -1.10 DB 1.10 DB
(N/B)
T SYSTEM = 1750.00
13 CARRIER MODULATION LOSS -0.90 DB 0.00 DB -0.10 08
; 14 RECEIVED CARRIER POWFR =134.10 DBM 3,00 DB -2.50 DB 11413
15 CARRIER APC NOISE AW (28L0 2 20,00) 13,00 DB -0,20 DB 0.20 DB
|
| CARRIER PERFORMANCF -
! TRACKING(ONE-WAY)
16 THRESHOLD SNR IN 28L0 0.00 DB 0.00 DB 0.00 DB
‘ 17 THRESHOLD CARRIER POWER ~153.20 DM -1,30 DB 1.30 8 12415416
174 153.20 DBM 1.30 0B -1.30 D8
18 PERFORMANCE MARGIN 19.10 DB 4,30 DB -3.80 08 144174
CARRIER PERFORMANCE -
TRACKING ( TWO-WAY)
i
: 19 THRESHOLD SNR IN 28L0 3.80 DB 0.00 DB 0.00 DB
20 THRESHOLD CARRIER POWER -149,40 D@M -1,30 D8 1.30 0B 12415419
204 149.40 DBM 1.30 DB -1.30 08
21 PERFORMANCE MARGIN 15.30 D8 4.30 0B -3.80 DB 144204
1 CARRIER PERFORMANCE-
DATA DETECTION
22 THRESHOLD SNR IN 2AL0 8.50 DB 0.00 DB 1.00 D8
23 THRESHOLN CARRIER POWER -144,70 DBM -1.30 0B 2.30 DB 121527
234 144,70 npM 1.30 DB -2.30 DB
24 PERFORMANCE MARGIN 10.60 D8 4,30 DB -4.80 D8 144232
DATA CHANNEL &
28 MODULATION LOSS -12.00 DB 0.30 DB -0.40 DB
: 26 RECEIVED DATA SUBCARRIER POWER -145.20 DM 3.30 DB -2.80 DB 1125
1 3 BIT RATE (Rz1/T) 0.00 0B 0.00 DB 0.00 08
28 REQUIRED ST/N/B 11.30 DB 0.00 DB 0.00 DB
29 THRESHOLN SUBCARRIER POWER ~154.90 DBM -1.10 D8 1.10 D8 12027424
29a 154,90 DaM 1.10 D8 -1.10 DB
30 PERFORMANCE MARGIN 9.70 DB 4.40 DB ~3.90 DB 264294
SYNC CHANNEL &
31 MODYLATION LOSS -12.00 DB 0.30 DB -0.40 DB
‘ 32 RECEIVER SYNC SURCARRIER POWER -143.20 D@ 3.30 D8 -2.80 0B 1131
33 SYNC APC NOISE 8W (28LO = 0,40) «4,00 DB -0.80 DB 0,80 08
34 THRESHOLD SNR IN 2RLO 14.50 DB 0.00 DB 0.00 D8
35 THRESHOLD SUBCARRIER POWER ~155.70 DOM -1.90 0B 1.90 D8 12433434
3% 155,70 DBM 1.90 DB -1.90 08
36 PERFORMANCE MARGIN 10.50 DB $.20 DB -4.70 DB 324354
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TRANSMISSTON MODE

Table A-30.

- A5 FT/ 100 KW

VOY-D-310

Telecommunication Design Control Table

CHANNEL - 1 SBPS
RECEPTION MODE - MANEUVER
Np PARAMETER VALUE
1 TOTAL TRANSMITTER POWER 80.00 DBM
2 TRANSMITTING CIRCUIT LOSS 0,00 DB
3 TRANSMITTING ANTENNA GAIN 1.00 DB
4 TRANSMITTING ANTENNA POINTING LOSS -0.10 DB
5. SPaCE LOSS -259.00 D8
* FMC=  2,11500M0E 3 MC Rz 1.0000000E 08 KM
6 POLARIZATION LOSS -0.60 DB
7 RECETVING ANTENNA GAIN 4.00 OB
[ RECEIVING ANTENNA POINTING LOSS 0.00 DB
° RECEIVING CIRCUIT LOSS -2.50 D8
10 NET CIRCUIT LOSS -207.20 DB
11 TOTAL RECEIVED POWER -127.20 DBM
12 RECEIVER NOISE SPECTRAL DENSITY -166.20 DBM
(N/B)
T SYSTEM = 1750.00
13 CARRIER MODULATION LOSS -0.90 DB
14 RECEIVED CARRIER PNWEFR -128.10 DBM
15 CARRIER aPC NOISE AW (2BLO = 20,009 13,00 pg
CARRIER PERFQRMANCE-
TRACKING(ONE-KAY)
16 THRESHOLD SNR IN 28L0 0.00 DB
17 THRESHOLD CARRIER POWER «153.20 DBM
178 153.20 DBM
18 PERFORMANCE “ARGIN 25.10 D8
CARRIER PERFORMANCE-
TRACKING(THO-WAY)
19 THRESHOLD SNR IN 28LO 3.80 DB
20 THRESHOLD CARRIER PQWER -149.40 DBM
204 149.40 DBM
21 PERFORMANCE MARGIN 21.30 DB
CARRIER PERFORMANCE -
DaTa DETECTION
22 THRESHOLD SNR IN 2PLO 8.50 DB
23 THRESHOLD CARRIER POWER -144.70 DBM
23a 144,70 DEM
24 PERFORMANCE MARGIN 16.60 DB
PATA CHANNEL 4
25 MODULATION LOSS ~12.00 DB
26 RECEIVED DATA SUBCARRIER POWER -139.20 DBM
27 BT RATE (Rs1/T) 0,00 pB
28 REQUIRED ST/N/B 11.30 D@
29 THRESHOLD SURCARRIER POWER -154.90 DBM
294 154.90 0BM
30 PERFORMANCE MARGIN 15.70 N8
SYNC CHANNEL &
31 MODULATION LOSS -12.00 DB
32 RECEIVER SYNC SUBCARRIER POWER -139.20 DBM
33 SYNC APC NOISE BW (2BLO = 0,40) -4.00 DB
34 THRESHOLD SNR IN 28LD 14.50 DB
35 THRESHOLD SUBCARRIER POWER -155.70 DBM
354 155,70 DBM
36 PERFORMANCE MARGIN 16.50 DB
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FAVORABLE

0.50

3.00
-0.20

-1.30

-1.30

1.30

-1.30
1.30

TOLERANCES

o8
DB
DB
DB
0B

1]
D8

hl:]
o8
P8
o8

D8
0B
o]

08
08
e
08
DB
hl:]

ADVERSE

0.00
0.00
-0.50
0.00

«0.10
-1.00

0.00
-0.80

~2.40

-2.40

-0.10
~2,50
0.20

1.30
-1.30

-3.80

2.30
-2.30

~4.80

-0.40
-2.80

0,00

-1.10

-3.90

~0.40
-2.80

0.80

1.90
-1,90

-4.70

o1}

bDB
08

DB
a:]

0B

DB
L]
DB
ol:

SOURCE

243444548
+7+B8+9

110

11413

12+15+16

14174

12+415+19

144204

12+15+22

144234

11425

12427428

264294

11431

12433434

324354



VOY-D-310

Table A-31. Telecommunication Design Control Table

TRANSMISSION MODE - 210 FT/ 100 KW

CHANNEL - 1 58PS

RECEPTION MODE - MANEUVER

ND PARAMETER VALUE

1 TOTAL TRANSMITTER POMER 80,00 DBM

H TRANSMITTING CIRCUIT LOSS 0.00 D8

3 TRANSMITTING ANTENNA GAIN 60.00 DB

4 TRANSMITTING ANTENNA POINTING LOSS -0,20 DB

s, SPACE LOSS ~2%9.00 DB
* FMCz  2,11500006 03 MC AT 1,0000000E 08 XM

6 POLARIZATION LOSS ~0.60 DB

7 RECEIVING ANTENNA GAIN 4,00 DB

) RECEIVING ANTENNA POINTING LOSS 0,00 DB

[ RECEIVING CIRCULIT LOSS -2.50 D8

10 NET CIRCUIT LOSS ~198.30 DB

11 TOTAL RECEIVED POWER -118.30 DEM

12 (:sge)xvsn NOISE SPECTRAL DENSITY -166.20 DBM

T SYSTEN = 1750.00

13 CARRIER MODULATION LOSS -0.90 DB
14 RECEIVED CARRIER POWER ~119.20 DaM
15 CARRIER APC NOISE RW (2BLO = 20,00) 13.00 0B

CARRIER PERFORMANCE -
TRACK ING(ONE-NWAY)

16 THRESHOLD SNR IN 2RLO 0.00 DB
17 THRESHOLD CARRIER POWER -153.20 pgM
174 153.20 DBM
18 PERFORMANCE MARGIN 34,00 0B

CARRIER PERFORMANCE~
TRACKING(THO-WAY)

19 THRESHOLD SNR IN 2RLO 3.60 DB
20 THRESHOLD CARRIER POWER *149.40 0BM
204 149,40 DBM
21 PERFORMANCE MARGIN 30.20 DB

CARRIER PERFORMANCF -
DATA DETECTION

22 THRESHOLD SNR IN 28L0 8.50 DB
23 THRESHOLD CARRIER POWER ~144,70 DBM
23A 144.70 DBM
24 PERFORMANCE MARGIN 25.%0 DB

DATA CHANNEL A

2% MODYLATION L0SS -12.00 DB
26 RECEIVED DATA SUBCARR{ER POWER ~130.30 DBM
27 BIT RATE (Rai/Y) 0.00 pp
28 REQUIRED ST/n/R 11.30 DB
29 THRESHOLD SUBCARRIER POWER «154.90 DBM
294 154,90 paM
30 PERFORMANCE MARGIN 24.60 DB

SYNC CHANNEL 4

31 MODULATION LOSS -12.00 DB
32 RECEIVER SYNC SUBCARRIER POWER ~130.30 DBM
33 SYNC APC NOISE BW (2BLO s 0 40) -4.00 DB
34 THRESHOLD SNR IN 2RLO 14.50 08
s THRESHOLD SURCARRIER PORER -155.70 DBM
354 155,70 DaM
36 PERF ORMANCE MARGIN 25.40 0B
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TOLERANCES

FAVORABLE

0.50
0.00

0.00
-1.30
1.30
4.20

0B
08
D8
08
b8

ne
L]
:1:]
o8

08
:1-]

o8
41

:L]

[+
08

D8
[4]
L]

bL]
D8
08

ADVERSE

0.00
0.00
-0.80
0,00
0.00

~0.10
-1.00

0.00
<0.80

=-2.70

-2.70
1.10

-0.10
-2.80
0.20

0.00
1.30
-1.30

-4.10

1,00
2.30
-2,30
-5.10

-0.40
-3.10

0.80

1.90
-1.90

-5.00

pl:]
08
o8
08
bl

SOURCE

243444548
+708¢9

1+10

11413

12+15416

144172

12015419

140204

12415422

14234

11025

1227428

264292

1131

12433434

324354




CHANNEL

RECEPTION MODE

ND

1

3

11
12

16
17
174

18

19
20
204

21

22
23
234

24

2%
26
_?7
28
29
294
30

32
33
34
35
354

38

VOY-D-310

Table A-32., Telecommunication Design Control Table

TRANSMISSION MODE - BS FT/ 25 KW

- 1 SBPS

- MEDIUM GAIN

PARAMETER
TOTAL TRANSMITTER POWER
TRANSMITTING CIRCUIT LOSS

TRANSMITTING ANTENNA GAIN

TUYRANSMITTING ANTENNA POINTING LOSS

SPACE LOSS
* FMC:  2.1150000€ 03 MC R=
POLARIZATION LOSS
RECEIVING ANTENNA GAIN
RECEIVING ANTENNA POINTING LOSS
RECEIVING CIRCUIT LOSS

NET CIRCUIT LOSS

TOTAL RECEIVED POWER

RECEIVER NOISE SPECTRAL DENSITY
(N/8)

T SYSTEM = 1750.00
CARRIER MODULATION LOSS

RECEIVED CARRIER POWER

CARRIER APC NOISE RW (2BLO = 20,00}

CARRIER PERFORMANCE-
TRACKING(ONE-WAY)

THRESHOLD SNR IN 2BLO

THRESHOLD CARRIER POWER

PERFORMANCE MARGIN

CARRIER PERFORMANCE-~
TRACKING{TWO-WAY)
THRESHOLD SNR IN 28LO

THRESHOLD CARRIER POWER

PERFORMANCE MARGIN

CARRIER PERFORMANCE-
DATA DETECTION

THRESHOLD SNR IN 2RLD

THRESHOLD CARRIER POWER

PERFORMANCE MARGIN

DATA CHANNEL &

MODULATION LOSS
RECEIVED DATA SUBCARRIER POWER
BIT RATE. (R22/T)
REQUIRED ST/N/B

THRESHOLD SUBCARRIER POMWER

PERFORMANCE MARGIN

SYNC CHANNEL A

MODYLATION LOSS

RECEIVER SYNC SUBCARRJER POMER
SYNC APC NOISE BN (2BLO = 0,40)
THRESHOLD SNR IN 2BLO

THRESHOLD SUBCARRIER POWER

PERFORMANCE MARGIN

VALUE

74.00
6,00
51.00
-0.10
-259,00

1,0000000E 08 Kn

~0.30
20.80

1.00
-2.00

-189,60

-115.60

~166.20

-0.90
-116.50
13.00

0.00
-153.,20
153.20

36.70

3.80
~149,40
149.40

32.90

8.50
-144.70
144,70

28.20

-12.00
«127.60
0,00
11.30
«154.90
154,90
27.30

~12.00
-127.60
-4,00
14,50
-155.70
155,70
28.10
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pLL]
o8

0B

DM
DBM

DB
DaM
DBH

il:]
DBM
DM

W]

TOLERANCES

FAVORABLE ADVERSE™ " “SOURCE ~
05008 7 T
9,00 DB 0,00 D8 T
1,00 DB ‘b0 08 T T T
0.10 D8 0,00 08

0.00 0B 0.00 DB

0.30 DB -0.60 BB T 7T T
1.30 DB -1,30 DB

0.00 DB o.00p8 T T
0.60 DB Tle0 DB T T T T T
3.30 D8 23,00 DB 203044546

+74849

3.80 DB -3.00 DB 1410 I
-1.10 DB 1.10 DB

0.00 D8 <0.10°08 7 TN

3.80 DB -3,10 DB 11413

-0.20 DB 0,20 D8 ) B
0.00 DB 0.00 DB i R
-1.30 DB 1.30 pB 12415416

1.30 DB -1.30 DB

5.10 DB -4.40 DB 144174

0.00 DB 0.00 08 N - )
-1.30 D8 1,30 DB 12+15+19

1.30 D8 PERE- LI
5.10 DB TlaaeDe T T ide2oa T T
0.00 DB 1.00 DB
-1.30 0B 2,30 08 12015422

1.30 DB -2, 300090
5.10 DB .. -5.40 DB _ _ 146234
0.30 DB _=0.40 DB .
4.10 DB -3.40 08 1325
0,00 08 . L -
0.00 DB 0.00 DB

-1.10 D8 1.10 08 12427428

1,10 DB -1,008 .
5.20 D8 -4.50 DB 264294

0.30 DB -0.40 DB .
4,10 DB -3.40 DB 11431

-0,80 D8 0,80 DB OO
0.00 DB 0.00 0B

-1.90 D8 1.90 DB 12033434

1,90 g 1,900 . ___ ...
6.00 DB -5.30 DB 326354




Table A-33.

TRANSHMISSION MODE - 85 FT/ 25 KK

VOY-D-310

Telecommunication Design Control Table

CHANNEL - 1 SBPS
RECEPTION MODE - HIGH GaIN
TOLERANCES
NO PARAMETER VALUE FAVORABLE ADVERSE SOURCE
1 TOTAL TRANSMITTFR POWER 74.00 DBM 0.50 DB 0.00 D8
2 TRANSMITTING CIRCUIT LOSS 0.00 DB 0,00 DB ¢.00 DB
3 TRANSMITTING ANTENNA GAIN 51.00 DB 1,00 D8 «0,50 DB
4 TRANSMITTING ANTENNA POINTING LOSS ~0,10 D8 8,10 08 0.00 08
5, SPACE LOSS ~259.00 0B 0,00 DB 0.00 DR
FMC:  2,1150000E N3 MC Rz 1,.0000000E 08 KM
[ POLARIZATION LOSS -0.20 DB 0.20 DB -0.40 NB
7 RECEIVING ANTENNA GAIN 34,00 DB 0.30 DB ~1.20 DB
[] RECEIVING ANTENNA POINTING LOSS -1.20 DB 1.20 D8 0,00 n8
9 RECEIVING CIRCUIT LOSS -2.70 DB 0.80 DB -0.80 DB
10 NET CIRCUIT (0SS -178.20 D8 3.60 DB -2,90 DB 203444546
+74849
11 TOTAL RECEIVED POWFR ~104.20 DBM 4,10 DB -2.90 DB 1e10
12 RECEIVER NNISE SPECTRAL DENSITY -166.20 DBM -1.10 D@ 1.10 DB
(N/B)
T SYSTEM = 1750.00
13 CARRIER MONULATION LOSS -0.90 NB 0.00 DB -0.10 DR
14 RECEIVED CARRIER POWER -105.10 DBM 4.10 DB -3.00 NB 11413
15 CARRIER APC NOISE RW (2RLO = ?0.00) 13,00 DB -0.20 DB 0.20 DB
CARRIER PERFORMANCE -
TRACKING (ONE-HAY)
16 THRESHOLD SNR IN 2ALO 0.00 DB 0.00 DB 0.00 0B
17 THRESHOLD CARRIER POWER -153.20 neM -1.30 08 1.30 R 12+15414
17a 153.20 DBM 1,30 p8 -1.30 08
18 PERF ORMANCE HMARGIN 48.10 08 S.40 DB -4.30 DB 144374
CARRIER PERFORMANCE-
TRACKING ( TWO-RAY)
19 THRESHOLD SNR IN 2AL0 3.80 08 0.00 DB 0,00 DB
20 THRESHOLD CARRIER POWER -149.40 DBM -1.30 08 1.30 0B 12+15¢19
204 149.40 pgM 1,30 DB -1.30 0B
21 PERFORMANCE MARGIN 44.30 DB S.40 DB -4.30 DB 144204
CARRIER PERFORMANCE-
DATA NETECTION
22 THRESHOLD SNR IN 2RLO 8.50 DB 0.00 D8 1.00 0B
?3 THRESHOLD CARRIER POWER -144,70 DBM -1.30 0B 2.30 N8 12¢15+2,
23 144,70 DBM 1,30 D@ -2.30 08
24 PERFORMANCE MARGIN 39.60 DB 5.40 DB ~5.30 0B 144234
DATA CHANNEL &
25 MODULATION L0SS -12.00 D8 0.30 DB ~0.40 DB
26 RECETVED DATA SURCARRIER POMER ~116.20 DBM 4,40 D8 -3.30 D8 11425
27 BIT RATE (R:1/T) 0.00 DB 0,00 DB 0.00 DB
78 REQUIRED ST/N/R 11,30 0B 0.00 DB 0.00 DB
29 THRESHOLD SUBCARRIER POWER ~154.90 DBM -1.10 DB 1.10 08 12427428
294 154,90 DBM 1.10 08 -1.10 DB
30 PERFORMANCE MARGIN 38.70 DB 5.50 DB ~4,40 DA 264294
SYNC CHANNEL A
3 MODULATION LOSS -12.00 DB 0.30 0B -0.40 DB
32 RECE[VER SYNC SURCARRIER POWER -116.20 NBM 4,40 DB -3.30 DB 11434
33 SYNC APC NOISE BW (28LO = 0,40) -4,00 0B -0.80 D8 0.80 DB
34 THRESHOLD SNR IN 2ALO 14.50 DB 0.00 D8 0.00 D8
38 THRESHOLD SUBCARRIER POWER «155.70 DBM -1.90 DB 1.90 D8 12433434
354 155.70 Dgn 1.90 D8 -1.90 DB
36 PERFORMANCE MARGIN 39.50 DB 6.30 DB -%.20 DB 324354
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Table A-34, Telecommunication Design Control Table

TRANSMISS{ON MODE = 85 FT/ 100 KW

CHANNEL
RECEPTION MODE

z

w N » o

o v =& ~'o

11
12

13
14

15

16
17
174
18

19
20
204
21

22
23
23a
24

23
26
27
28

= ANGING (UPLINK)

~ AlGH GAIN

PARAMETER VALUE
TOTAL TRANSMITTER POWER 80,00 NRM
TRANSMITTING CIRCUTT (0SS 0,00 DB
TRANSMITTING ANTENVA GAIN $1.00 DB
TRANSMITTING ANTENVA POINTING LDSS «0,10 DB
SPACE LOSS +259,00 DA
' FMCz  2,2150000€ 03 MC ®x  1,0000000E 0A KM
POLARJZATION LOSS -g.20 DA
RECEIVING AMTENNA GAIN 35.50 08
RECEIVING ANTENNA POINTING LOSS -1.20 n@
RECEIVING CIRCUIT LOSS -2,70 98
NET CIRCUIT LOSS -178.20 98
TOTAL RECEIVED POWER -98,20 DBM
RECEIVER NOTSE SPECTRAL DENSITY -166.20 DBM
(N/B)
T SYSTEM = 1750.00
CARRIER MODULATION LOSS «6,00. 1B
RECEIVED CARRIER POWER -104,26 NBw
CARRIER APC NOISE #a {2BLO = 20,00) 13.00 DB
CARRTER PERFORMANCE-
TRACKING(ONE=WAY)
THRESHOLD SNR IN 2BL0 0.0t DB
THRESHOLD CARRIER POWER -153.20 DBM
153,20 D@M
PERFORMANCE MARGIN 49,00 DB
CARRIER PERFORMANCE.
TRACKING (THO=NAY)
THRESHOLD SNR IN 2310 3.90 D8
THRESHOLD CARRIER POWER ~149,4C DBM
149,40 DBM
PERFORMANCE MARGIN 45,20 DB
CARRIER PERFORMANCE -
DATA DETECTION
THRESHOLD SNR IN 28L0 8,00 DB
THRESHOLD CARRIER POWER ~145.20 DAM
145,20 DBM
PERFORMANCE MA3GIN 41.00 D8
RANGING CHANNEL
MODULATION LOSS -1.30 0B
RECEIVED RANGING SUBCARRIER POWER =99.50 DaM
VIDEO BW 64,00 DB
2.70 DB

SNR IN VIDEO BW

A-69

TOLERANCES

FAVORAALE ADVERSE SOURCE
0,5¢ nB 0,00 DB

0.00 DB 0,00 ne

1,00 DR «0,50 D8

0,10 dg 0,00 DR

0,00 0B 0,00 DB

0.,2¢ DB «0.40 DB

9.30 08 =1.20 DB

1,20 DB 0.00 DB

0,80 DB -0,80 DB

3,60 DB «2,90 DB 2¢3¢4+4546

+7+8+9

4,10 08 «2.90 DB 1+10
«1.10 DB 1.10 DB

1.40 DB =~1.80 DB

5,5¢ DB =4.70 DB 11413
«0,20 DB 0.20 DB

0,00 DB 0,00 DB
«1,30 0B 1,30 DB 1215416
1.30 0B =1,30 DB

6.80 DB 6,00 DB 14¢174
0.00 DB 0,00 DB
«1,30 DB 1.30 DB 12¢15+19
1.30 DB <1,30 DB

6.8¢ DB =6.00 DB 144204
=1,00 D8 1.00 DB
»2,30 DB 2,30 D8 12915422
2,30 D8 -2.30 DB

7.80 DB 7,00 DB 144232
0.40 DB -0,60 DB

4,50 D8 -3,50 DB 11425
«0,50 DB 0,40 DB

0.10 pB -5.00 DB




VOY-D-310

Table A-35, Telecommunication Design Control Table

TRANSMISSION MODE - 50 WATT WIGH GAIN

CHANNEL = RANGING {DOWNLINK)
RECEPTION MODE -85 F7
NO PARAMETER

b TOTAL TRANSMITTER POWER

? TRANSMITTING CIRCUIT LOSS
3 TRANSMITTING ANTENVA GAIN
4 TRANSMITTING ANTENVA POINTING [OSS

s SPACE LOSS

C FMCs  2,2950000€ 05 MC Rz 1,0300000€ 08 KM

POLARIZAYION (OSS
RECEIVING ANTEVNA GaIN

é
?
] RECEIVING ANTEVNA POINTING (0SS
9 RECETIVING CIRCHIT 0SS

0

NET CIRCUIT LOSS

11 TOTAL RECEIVED POWER

12 RECEIVFR NOISE SPECTRAL DENSITY
(N/B)

T SYSTEM = 55,00
13 CARRIER MODYLATION 0SS
14 RECETVED CARRIER POWER
15 CARRIER APC VOISF Ry (2BLO = 12,00)

CARRIER PERFNRMANCE-
TRACKING (ONE-WAY)

16 THRESHOLD SNR IN 2800
17 THRESHOLD CARRIER PQWER
174

18 PERFORMANCE MARGIN

CARRIER PERFNRMANCE-
TRACKING(TWO-AAY)

19 THRESHOLD SN IN 21L0
20 THRESHNLD CARRIER POWER
204

21 PERFNRMANCE “A<GIN

CARRIER PERFORMANCE-
DATA DETECTIQV

22 THRESHOLD SNR IN 2000
23 THRESHOLN CAARIER PQUER
23a

24 PERFNKMANCE MARGIN

RANGING CHANNEL

2% MODULATION LOSS

26 RECEIVED RANGING SUBCARRIER POWER
27 RANGING APC NOISE BW (2BLO~0.8)
28 THRESHOLD SNR IN 2BLO

29 THRESHOLD SUBCARRIER POWER

294

30 PERFORMANCE MARGIN

(CORRELATLON L0SS NOT INCLUDED)

TOLERANCES
VALUE FAVORASLE ADVERSE SOURCE
47,30 DAM 0,20 ng «0,50 DB
-2.30 DB 0,40 "B «0,40 DB
34,80 DB 0,30 DB «0.40 N8
=1,30 DR 1,30 pg 0.00 DB
-25%.,70 N8 0,00 ng 0,00 D8
~0.10 DR 0.10 M8 0.00 P8
53.0n DA 1.00 ng «0.50 DB
=0.10 DA 0,10 DB 0.00 p8
9.00 D8 0,00 ny 0,00 ng
175,70 DH 3,20 DR =1,30 NB 243044548
+7+8+9
~128.70 DaM 3.40 DR «1.80 0B 1+10
~181.20 D™ «0,90 NB 0.70 DB
6,00 DB 1.40 Ng =-1,80 DB
~134.70 DE¥ 4,80 DA «3.60 D8 11413
10.80 DR 0.0n Do 0,00 N8
0.o0c DB Q.00 A 0.00 DU
-170,40 ng¥ =0.90 DR 0.70 D8 12615416
170.40 DBM 0.90 nNA =0,7% OB
35.79 DB $.70 N8 -4.30 DY 140174
2.90 Nu 0.00 "B 0.00 Dy
-16A,40 DBM «0.90 Ny 6,70 nB 12415419
164,40 paM 0,90 n3 -0,70 DB
33,70 D8 5.70 NB =4,30 DB 149204
6.00 DB g.on DR 0.00 NB
-164,.40 DA™ «0.90 Ny 0,70 N8 12415422
164,40 DRM 0.90 pB «0,70 0B
29,70 N8 5.70 N8 -4.30 0B 144234
~1.30 DB 0.40 NH =0.60 DB
~130.an NBM 3.80 ny «2.40 DB 11425
1,70 DB «0.,90 NH 0,00 DB
15.90 DH 0.00 NH 0,0¢ N8
~167,20 DAM ~1.80 Dd 0.70 N8 12427428
167,20 Dy 1,80 DW -0,70 D8
37.20 DB 5.60 K «3,10 0B 26929
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Table A-36, Telecommunication Design Control Table

TRANSMISSION MNDE = 210 FT/ 100 KW
CHANNEL - RANGING (UPLINK)

RECEPTION “0DE = AIGH GalN

ND PARAMETER VALUE
1 TOTAL TRANSMITTER POKER 80,00 DBM
H TRANSMITTING CIRCUIT LOSS 0,00 DB
3 TRANSMITTING ANTENVA GAIN 60,00 DR
4 TRANSMITTING ANTENVA POINTING LOSS ~0,20 np
5 SPACE LOSS -259.00 0B
¢ FMCz  2,1150000f 93 MC Rz 1,0070000E 08 KM
& POLARIZATION LOSS “0.20 DB
7 RECEIVING ANTENNA GAIN 34.00 DB
8 RECEIVING ANTENNA POINTING LODSS ~1,20 DB
9 RECEIVING CIRCUIT LOSS -2,70 DB
10 NET CIRCUIT LOSS ~169,30 DB
11 TOTAL RECEIVED POWER -89,30 DaM
12 RECEIVFR NOISE SPECTRAL DENSITY -166.20 DBM
(n/e)
T SYSTEM x 1750.,00
13 CARRIER MODULATION L0SS «6.00 DB
14 PECEIVED CARRIER POWFR -85,3n DBM
15 CARRIER APC NOISE Hw (28L0 = 20,00} 13.00 DB
CARRIER PERFORMANCE-
TRACKING(ONE-WAY)
16 THRESHOLD SNR 1IN 2BL0 0.0¢ DB
17 THRESHOLD CARRIER POWER -153.20 DBM
174 153,20 DBM
18 PERFORMANCE MARGIN 57.90 DB
CARRIER PERFORMANCE-
TRACKING(THD=WAY)
19 THRESHOLD SNR IN 28L0 3.80 DB
20 THRESHOLD CAHRIER POWER ~149,40 DBM
204 149,40 DBM
21 PERFORMANCE ™ARGIN 54.30 DB
CARRIER PERFORMANCE-
DATA DETECTION
22 THRESHOLD SNR IN 28L0 8,00 DB
23 THRESHOLD CARRIER PQWER ~145.20 DBM
23a 145,20 DBM
24 PERFORMANCE MARGIN 49,90 DB
RANGING CHANNEL
28 MODULATION LOSS =1.30 DB
24 RECEIVED RANGING SUBCARRIER POWER =90.60 DBM
27 VIDEO BW 64,00 DB
20 SNR IN VIDEO B 11.60 DB

A-T1

FAVORAALE

0.50
0,00
0.81
0.20

9,00

0.20
0.30
1.20
0.8n
3,50

-1.00
=2,30
2,30
7,70

0,50
6.00

TOLERANCFS

L]
n8
bl:]
ne

8

ne

nB
L]
hl:]

bl:}

08
Y

DL
ne
DB
na

na
bl

0B

ADVERSE

“0.40
1,20

0,00
=0,80
-3.20

»1,80
«5,00

0.20

-1,30

=5,30

0.00
1,30
«1,30

“6.30

=0.60

-3.80

-5.00

08
ne
08
ng

ne

o
n8
k3

ny

DB

bl:]

na
0B

DB
bl:)
ne
bl

DB
08
hi:]
0B

DB
ne
DB

08
DB
bl:)

SOURCE

24344456
+7+4849

1+10

1113

12+15+16

14174

1215419

14204

12415422

14234

1125




VOY-D-310

Table A-37. Telecommunication Design Control Table

TRANSMISSION MODE = 50 WATT HIGH GAIN

1,00n0000EF

19

CHANNEL - RANGING (DOWNLINK)
RECEPTION MOCE - 210 F1
NO PARAMETER
1 TOTAL THANSMITTER PDWER
2 TRANSMITTING CIRCUIT LOSS
3 TRANSMITTING ANTENVA GAIN
. TRANSMITTING ANTENVA POINTING LOSS
S, SPACE LOSS
' FMCs  2,295000Q0F 03 MC Ra
6 POLARIZATION LISS
7 RECETVING ANTENWNA GaIN
] RECEIVING ANTENNA POINTING LOSS
9 RECEIVING CIRCJIT LOSS
10 NET CIRCUIT LOSS
11 TOTAL RECEJVED POWER
12 RECEIVER NOISE SPECTRAL NENSITY
(M/R}
T SYSTEM & 45,00
13 CARRIER MODULATION 0SS
14 RECEIVED CARNIER POWER
15 CARRIER APC NOISE Huw (PRLO ® 12,
CARRTER PERFORMANCE=
TRACKING{DONE-9AY)
16 THRESHOLD SNR IN 2BLOD
17 THRESHOLD CARRIER POWER
174
18 PERFORMANCE MARGIN
CARRIER PERFNRMANCE-
TRACKING(TWD=WAY )}
19 THRESHOLD SNR IN 23L0
20 THRESHOLD CARRIER PQWER
204
21 PERFORMANCE MARGIN
CARRIER PERFORMANCE =
DATA DETECTION
22 THRESHOLD SNR IN 2BLO
23 THRESHOLD CARRIER POWER
[T
24 PERFORMANCE HARGIN
RANGING CHANNEL
2% MODULATION LOSS
26 RECEIVED RANGING SUBCARRIER POWER
27 RANGING APC NOISE BW (2BLO=0.8)
28 THRESHOLD SNR IN 2BLO
29 THRESHOLD SUBCARRIER POWER
294
30 PERFORMANCE MARGIN

(CORRELATION LOSS NOT INCLUDED)

A K4

VaLuE

47.00
-2,30
34,60
-1,30

-259.7¢

«0.10
61.00
«0,30

o.nn

167,40

=120,90

-182.10

=6.nN
=-126.%0

16,80

o.o00
171,30
171.30

44,40

2.0n
-165, 30
16¢.,30

42,40

=1.30
-127.20
«1.00
15,00
-188.10
168.10

4%.90
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APPENDIX B

1, RANGING ANALYSIS
1.1 SIGNAL DESCRIPTION

The ranging signal transmitted from Earth is a binary waveform constructed of a clock and

four short codes combined according to the following Boolean logical expression:

xr(t) = x-cl+x [(a--b+b~c+-a-c)+01]

The clock frequency is approximately 500 kc and the resulting code rate is approximately

one megacycle. The equation for the transmitted signal is

S () = ﬁ [cos 0 sinwt + x () sin®_ cosw t]
u r c r r [

where P is the transmitted power, Or is the modulation index and xr(t) is the two-level (z 1)

transmitted waveform.

The downlink ranging signal, x'.(t), is formed by hard limiting. the detected uplink ranging
signal and noise in the video ranging channel. Assuming the limiter is ideal, its output,
x'.(t), is a two-level (+ 1) waveform. However, noise at the input will cause the output to
reverse polarity when the noise voltage is greater than the input signal voltage, and of
opposite polarity. The correlation coefficient of the output signal with the input signal is

therefore given by,

. [FOEe]  a-enymfxe]’

RC I ey

1-2T /T
n
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where Tn/ T is the average fraction of time (or the probability) that input noise reverses

the polarity of the signal. If band-limited gaussian noise is assumed, the following relation-

ship is obtained,

- L /1 S
Tn/T = 3 [1 - erf < > (N)v>]
where, (S/N)v is the uplink SNR in the video ranging channel bandwidth. Therefore,

e {3 e ()]}

R
il

I
[¢]
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S~
o [
—
z|w
<v
~——"

where

The equation for the downlink signal is
= ] 1 ] :
SD(t) /2P [cos Or smwct + X r (t) sin Qr coswct]

Modulation losses (fraction of total power transmitted) for the carrier and ranging channels

are the same for both the uplink and downlink. They are given by

L

2 .
cos ©_ (carrier)
me r

L

. 2 .
mr sin Or (ranging)
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However, the effective ranging power in the downlink ranging channel is reduced by the cor-
relation loss, @ , defined above, so that the effective fraction of power in the downlink

ranging channel is given by

L =a 2sin?0
T T

where a is dependent on the SNR in the video channel in the uplink,

1,2 DETECTION PROCESS -

A block diagram of the basic double-loop code tracking system is shown in Figure B-1, The

code x clock signal input to the first detector is taken from the receiver 10 megacycle IF.

X CORRELATION
INDICATOR

CODE X
CLOCK

X J » X b——{ FILTER }——=] VCO }—4¢

~ CODE CODE

90° feo- %

GENERATOR

Figure B-1, Functional Diagram of Double Loop Code Tracking System
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The code signal from the code generator is a 10 megacycle coherent reference signal modu-

lated by the locally generated code. When the two codes are in-phase, the output of the first

detector is the 500 kc clock signal. During the acquisition sequence, the output of the phase

detector still contains the clock signal but correlation is not 100 percent. The acquisition

sequence and resulting correlations are shown in Table B-1 (small letters are used to desig-

nate the transmitted code and capital letters to designate the receiver code). The transmitted

code is givenby x- ¢c1+X . (a-b+b.c+a-c¢c) + clwhere the x, a, b, and ¢ components

have lengths of 11, 31, 63 and 127 bits, respectively, and cl is a squarewave clock.

Table B-1, Ranging Acquisition Sequence

Receiver Code Synchronization State Percent Correlation
XA x and a not acquired 25
X.A x acquired 50
X-A a acquired 75
X - B b not acquired 50
X -B b acquired 75
X-C ¢ not acquired 75
X-C ¢ acquired 75
X (A-B+B:-C+A-C) All components acquired 100
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1.3 CHANNEL THRESHOLD
The ranging threshold values are defined as follows:

SNR in 1-cps noise bandwidth: 15 db
SNR in ranging phase-lock loop threshold noise bandwidth (2BL O=0. 8 cps): 16 db

Maximum acceptable code acquisition time: < 1 hour

The loop threshold SNR is defined at the receiver input. During acquisition of the X code the
actual SNR in the defined bandwidth is 12 db less since only 25% correlation is achieved. A

6-db reduction occurs during acquisition of the a,b, and ¢ codes (50% correlation).

The code acquisition time can be determined from the following equation;*

P
N Py X3t % N
i CLi Li S
where
Pi = number of symbols in the ith code component
LogzP, = number of equivalent bits in the code component (since detection is similar
1 to that of an orthogonal code)

X = ST/N/B required for a given probability of error

*Digital Communications, edited by S.W. Golomb; Prentice-Hall, Inc., Englewood Clifts,
N.J., 1964, Chapter 6, Applications to Ranging, M. Easterling.
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S . . .
N/B = SNR in a 1-cps noise bandwidth
CLi = power loss due to an expected fractional jump in correlation when sync is
achieved
L = detection loss

The values for the Mark I turnaround ranging system are given in Table B-2 for the lunar code.
Values for X are determined from error probability curves for orthogonal codes assuming a

10 ~ error probability.

Table B-2, Properties of Code Components

Code X= ST c
Component P Log, P N/B Li
X 11 3.46 0.8 1/16
a 31 4,95 3.0 1/16
b 63 6.0 2.7 1/16
c 127 7.0 2.5 1/16

The Mark I system has several integration time settings which can be selected; however, for
any particular setting the integrati:)n time for each phase is constant and is equal to that re-
quired for the worst-case code component. Since the required integration time per phase is
proportional to X LogZP, code component ¢ establishes the maximum integration time. The

equation now becomes:

xc L°g2 Pc N/B

] CLL S

P + P + +
(x a Pb Pc)
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S
Assuming L. = -2db (0.63) and N/B = 15 db (31. 6) the integration time is:

__(2.5(7.0)
ty = W/ig@ ey ©-0316)(232)

criterion of acquisition in less than one hour.

= 3260 sec = 0.906 hour which meets the
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RADIO SUBSYSTEM

1, SCOPE

This section is a functional description of the 1973 Voyager Radio Subsystem and its com-
ponents which also provides detailed information on the subsystem configuration, indicates

the expected performance, and defines subsystem interfaces with other spacecraft elements.

2, REQUIREMENTS

The baseline Radio Subsystem is designed to satisfy the '""Performance and Design Require-
ments for the 1973 Voyager Mission General Specification, ' dated 1 January 1967, The
Voyager Radio Subsystem is required to perform the following basic functions:

a. Receive the RF signal transmitted to the spacecraft from the DSIF.

b. Coherently translate the frequency and phase of the received RF signal by a fixed
ratio (240:221).

c. Demodulate the received RF signal and send a composite command signal to the
Command Subsystem,

d. Transmit a modulated RF signal to the DSIF stations, using the translated RF signal
(from Item b above) or an independent frequency source.

e. Phase modulate the transmitted signal with a composite telemetry signal,
f. Receive and retransmit a range code signal via a turnaround ranging channel,

In the performance of these functions, the subsystem configuration is further constrained by

the following additional requirements:

a. Capability of down-link communications shall be provided from prelaunch to end-of-
mission,

b. Up-link communications with the spacecraft shall be accommodated from prelaunch
through end-of-mission by a low gain nonsteerable antenna,

3. SUBSYSTEM DESCRIPTION

A block diagram of the proposed Radio Subsystem is shown in Figure 1. The configuration

combines three transmitters and three receivers in redundant fashion to ensure reliable
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Figure 1. Voyager Radio Subsystem Block Diagram

performance of subsystem requirements. Compared to the Task B design, the following

significant changes have been made:

a. The high gain antenna diameter has been increased to 9.5 ft. to increase the data
transmission capability of the system.,

b. A maneuver-fan beam antenna has been added in place of the hemispherical pattern
primary low gain antenna. The Task B low gain antennas would not allow real time
telemetry for the longer range maneuvers that occur for the 1973 mission,

¢. The launch transmitter output was increased to 6 watts to increase its capability
as a backup to the 50 watt power amplifiers.

A condensed list of radio components is given in Table 1. The equipment listed is connected
as shown to provide a conservative and uncomplicated approach to the Radio Subsystem design.

General considerations of the design are reviewed in the following paragraphs.

No single failure of the Radio Subsystem will result in failure to achieve mission objectives.

Multiple backup modes are provided for all required functions, The antennas selected include
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Table 1. Selected List of Radio Components

Component Quantity

S-band Transponder
50-Watt Power Amplifier
6-Watt Solid State Amplifier
9. 5-Foot High Gain Antenna
Broad Coverage Antenna
Maneuver Antenna

Medium Gain Antenna
Diplexer

Hybrid Coupler Assembly
RF Switch

L W e e e DD QO

a steerable high gain antenna which provides capability for transmitting the required science
data rates when the spacecraft is operating in the stabilized mode. The medium gain antenna,
which is neither steered nor deployed, functions as a backup to the high gain antenna and will
support the required science data rates for about 75 days in Mars orbit. During early phases
of the mission, normal communication is via the broad coverage antenna which has a toroidal
pattern whose plane is parallel to the spacecraft's y-z plane. This antenna provides the
greatest angular coverage and is used as the command antenna during emergency conditions,

During maneuvers, communication is established through the maneuver antenna.

This antenna, with a fan-shaped pattern of 25 x 180 degrees, is located so that the 180 degree
beamwidth lies in the x-z plane, and the peak of the beam is parallel to the +x axis (normal

to the thrust axis), During a maneuver, with the thrust axis in any arbitrary orientation, the
vehicle may be rolled about the thrust axis without changing its orientation, but the fan pattern
of the maneuver antenna can be directed to earth for any maneuver throughout the mission.
This antenna also supplements the coverage of the broad coverage antenna since it fills in the
null in the latter antenna caused by vehicle shadowing. A fixed low gain antenna is provided

for the relay subsystem for use during capsule descent from orbit.

Capability for transmitting telemetry is a primary consideration, and multiple backup modes
are provided, Each of the three exciters may be used as a source for two of the three power
amplifiers. Similarly, the power amplifiers may be connected in multiple combinations to
the four antennas shown.
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Two of the three power amplifiers operate at 50 watts. Two devices, the traveling wave tube
amplifier (TWTA) and the electrostatically focused klystron (ESFK), are being considered for

this application,

The third power amplifier is a solid-state unit operating with an output of 6 watts. The develop-
ment of a reliable device operating at this level is considered to be reasonable for Voyager.,

The 6-watt amplifier will be used from launch until acquisition when the high gain antenna

with a 50-watt amplifier will be used. In the event that both 50-watt amplifiers fail, or that

a power shortage precludes their operation, considerable science data can be transmitted

during the orbit phase by using the 6-watt amplifier and the high gain antenna.

The performance of the design has been évaluated on the basis of the amount of data which

can be transmitted during the orbit operation phase of the mission. During this phase, the
primary mode of operation will be with 50-watt Amplifier No. 2 and the high gain antenna.
Backup for the high gain antenna is provided by the medium gain antenna. Should the 50-watt
power amplifier fail, backup is provided by the alternate 50-watt amplifier or the 6-watt
solid-state amplifier. Figure 2 shows data rate capability as a function of days in orbit for

the primary mode of operation and the major backup modes. The data presented is for adverse

system tolerances (i. e., the data rates shown are "grey-out' rates).

Up-link communication is accommodated by three receivers. These receivers operate on
separate frequencies and each remains ON at all times. From prelaunch until separation,
communication is restricted to Receiver No. 1 via the broad coverage antenna and a para-
sitic shroud antenna., After acquisition of sun and Canopus references, any of the three
receivers may be used for command purposes at any time. During periods when the space-
craft is unstabilized, operation is normally to Receiver No. 1 which is connected to the

broad coverage antenna,

Each of the receivers is combined with an exciter in the form of an S~Band transponder.

The transponders will be the same design used on Mariner C, with minor modifications
directed primarily at achieving greater reliability and improved performance. When operated
in the coherent mode for two-way tracking, the transponder translates the frequency and
phase of the received signal by the required ratio of 240:221. When the receiver is not phase-
locked to a signal from earth, the exciter automatically derives its source from an auxiliary
noncoherent oscillator, Each of the transponders is equipped with a turnaround ranging chan-
nel which may be turned ON or OFF by command.

4

e
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Figure 2. Data Rate Capability vs Range and Days in Orbit
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The number of RF switches used is minimal when the amount of equipment is considered.
There is a maximum of two RF switches in a given transmit path, During a normal mission
these switches would never be energized. The use of RF switching for the interface between
the exciters and power amplifiers is avoided by using a strip transmission line hybrid-coupler
assembly. Whenever possible, switching operations are performed in the component power

supplies,

Automatic switching for the Radio Subsystem is intentionally limited to essential operations.
The objective was to maintain a simple and conservative approach yet satisfy the requirements
for an automatic spacecraft. The only switching operations are the changeover from the 6-
watt power amplifier and primary low gain antenna combination to the 50-watt Amplifier No. 2
and high gain antenna, and the change to the maneuver antenna and 50-watt Amplifier No. 3
during maneuvers. The choice of receiver and exciter for normal cruise operation is op-
tional, One possibility is to receive via the broad coverage antenna and transmit via the

high gain, Selected failure mode switching designed to preserve telemetry would also be
implemented, but the number of modes would be limited to reduce the complexity of the
design. All other failure switching would be performed by command from the DSIF stations.

3.1 ANTENNAS
Multiple antennas are necessary to satisfy the radio subsystem requirements for all phases
of the Voyager mission. Five separate antennas are provided:

a, High gain antenna,

b. Medium gain antenna,

c. Maneuver antenna,

d. Broad coverage antenna,

@

Relay antenna.

The utilization of the various antennas is listed in Table 2,
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Table 2. Radio Subsystem as a Function of Mission Phase

19, 20, Orbit
Trim

Same as 15, 16

Mission Phase Radio Mode | Bit Rate(bps) Antenna* Power Level Comments
1. Prelaunch Launch
2. Launch and Launch 150 BCA through parsitic 6 watt
Injection coupler to shroud an-
tenna until shroud
separation then BCA
3. Acquisition Launch until 150 BCA until sun acqui- 6 watt until sun
sun acquisi- sition then HGA acquisition then
tion then 50 watt
cruise
4. Cruise Cruise 150 HGA 50 watt
5. First Trajec- Maneuver 7.5 MA with HGA backup 50 watt
tory Correc-
tion
16,8, 10, 12, Cruise SAME AS 4mmm === oo o m e m
7,9, 11, MC Adjust Same 88 Smmmm—m oo e
13, Orbit Inser- Same 88 S — o e e o
tion
14, 18, 21 Orbit Cruise Science HGA w/MGA backup 50 watt w/ 6 watt - MGA
ops. 40, 500; 6 watt backup is not possible
20, 250;
10, 125
with 1265
backup.
Engr. 150
with 37,5
backup
15, 16, Orbit Maneuver 7.5 MA with HGA backup 50 watts w/ 6 watt - MGA
Adjust 6 watt backup not possible
17. Descent Cruise Science HGA with MGA 50 watts w/ 6 watt - MGA
and Entry 40, 500; backup 6 watt backup not possible
20, 250,
10, 125
with 1265
backup.
Engr. 150
w/ 37.5
backup

Note:

HGA
MGA
BCA

High Gain Antenna
Medium Gain Antenna

Broad Coverage Antenna

Maneuver Antenna
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3.1.1, High Gain Antenna

The high gain antenna is a rigid 9. 5-ft. diameter parabolic reflector having a 37. 5-in. focal
length, Studies of varicus antenna types, both rigid and erectable, have shown that the para-
bolic reflector meets all electrical and mechanical performance requirements and is the most
simple and conservative high gain antenna approach for this application. A reflector of
honeycomb sandwich construction would provide the smallest, lightest, and least complex
antenna assembly. However, overall spacecraft systems considerations, including solar
pressure, prohibit the use of a solid surface reflector. Accordingly, a mesh type construction
is employed to reduce the opaque frontal area of the antenna. The reflector surface is formed
of aluminum mesh supported by a framework of six radial ribs and three rings as illustrated

in Figure 3.

The high gain antenna feed is a circularly polarized conical horn located at the focus of the
parabola, The horn is of conventional design except that a compensating structure is used for
beam shaping to achieve maximum efficiency without increasing feed blockage. Details of

this feed are shown in Figure 4. The antenna has two orthogonal axes of freedom with respect
to the spacecraft. It has unlimited rotation capability about the A-axis which is parallel to

the spacecraft's y-axis and a nodding capability of + 22 and - 10 degrees about the B-axis.
With this capability, the antenna can be pointed at earth during maneuvers for any orientation
of the thrust axis, therefore providing a backup capability for maneuver attitude verification.
This pointing would be accomplished by rotating the antenna about its .A—axis and rolling the

vehicle about its thrust axis.

3.1.2. Maneuver Antenna

The maneuver antenna consists of slot excited parallel plate radiator sections as shown in

Figure 5. The circularly polarized antenna has a 3 db beamwidth of 25 degrees in one
plane and a semicircular pattern in the orthogonal plane.

Its peak gain is 6.5db, In addition to providing command coverage, the antenna will support
a down-link telemetry rate of 7-1/2 bps out to a range of 400 x 106km worst case. The antenna
will be deployed along the + x-axis of the spacecraft a distance sufficient to reduce the back-
lobe reflections off of the orbiter and the capsule to an acceptable level. The broad angle of

the antenna pattern will lie nearly in the ecliptic plane,
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3.1.3. Broad Coverage Antenna

The broad coverage antenna (BCA) consists of four dipole elements spaced 90 degrees apart
around a combination feed and support structure as shown in Figure 6. The four dipoles are
fed in phase and oriented 30 degrees with respect to a plane containing their centers. The

radiation pattern of this antenna is approximately toroidal in shape and circularity of polari-
zation is excellent over most of the pattern, The
antenna is deployed along the vehicle's x-axis so

that the toroidal pattern lies in a plane parallel

to the vehicle yz-plane, It is deployed at a
sufficient distance to provide a clear field-of-

view over + 45 degrees from th